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"^BD m^,^ 
0*r l i f i«« thafl thi» %r»ilc yMsim^KA ttt tills t l iMis 
Dtpartffltiit of FlQr«ie9« 
fHf miitmv pytMiit** in tHU «b««iUi, «lt« i!««alt» •» tim 
TMfittilwi of MaKi* vtar* 4«»tir«a «!%•» k«viBf « 4«%«il«a mnA 
«r«t«ita(«i« cnalyvif «f gxouBa ham^ ««•»!• ]*tar int«tuii^ 4At«« 
fim UtKtrtfpU nstaxt «f tht gia.««ti# «ogBl« nors i t ehfoagtA 1^ 
th« iBt«i!plan9tai3r aagiwtio f t t ia %Ai«]i thtjr cnttir in tli« SOIMT 
srstin, A0 ft •oBMqpMmM of lt« 0igiilfloint Ysri«tioM ta Him 
eemio r«r inttimilar avt ^»@vfA witli tiJM m^ opftM wltli tn* 
giKMma baMA inatsvoMiit** flit«« TRVittlidiis iff* «••& «• • tool 
to $M9V %Ym olootrwognotio ototo of tho onlixo istoirplaiiotaxsr 
iiodiuiB# 
Bvon tlumilit lot of infoitt«tloa« on ^ oth Ions toim mA ohort 
toxii •ovifttioao «ro ymoontly «r«ilAt>lot tho 3.ov ooantlBg voto 
•at tho oooooiotot poor otoliotioo ti«ro ps«vo»toA o 1>ottov iiiido:»» 
•toaiiiiif paitionlovljr of oniootvopio •oriotiono of Mtall lO^pU* 
t««o « 1|)» o«f*» AiuxiioX Olid soMi^ dltuffud Torittlioiui* Siiioo 
lAtoittotioaad Qoiot 9im Toov (1964) thio lootuio boo I^ OOR oro»* 
oi«o to 0 oowilA i^Nd^ lo oxtMA vttli tte oroilfSHilitr of o lost* 
wwHtr of h l ^ ooNmtiiif xmto onyp* aootvoa mmitoni oai tmfm 
•MO ooiiitillol&oo toloooopoo* 
A prooiiA %ttiOi Moaitov lotriko oiilr l«lo • oaoll vofioa of 
tho ikr i t ovqr f i f i a tiao» ^at i t oooao tlio oativo Ay ^wim 
tlio tiOftt of « AiTf • • tho Boxth opiao oa ito oxio, Vitli • 
ioagitailaa^l^r mVL aiotvllmtoA oot of U0k oonatiac toto aoottoa 
*• 1.1 • 
««ittt»yi«f 9%w^imm$ i t htm nm l>««aM iMmiil»l« -to ]t««y « «oiili«* 
mitttt imttfl^  •f tiM iiit«sfl«Btt(i2T wtAiwit ^^ ^^  i« tiiM and 
•?«••> %3r «t«^i«9 th« i^0«rv«d ireritftidim in th« eeanie si^ 
iiitAiisity «t Ssrili l e iiiia«initwa tlit intcri^ Xtiittaxsr pltr^ies* 
Xnspit« • f tht fc^t t1i«,t tt l«f«» nml^ *? of *itt s ita' tfivvet «pae« 
^••yr«li«iis «M now «fttili^lOt tbo greniid tiasod eoanio var 
«fb«oxip«tio«i oso o t iU of «M«t ioportoBoo sii^o tlio fozntip s«fO«« 
te tho ooaAitiono oitir «t • f«rti«itl«y poiat in tho 0|p«oo» «h«vo» 
o« tit* l«ttor •!« offOotoA l)r tlio olootvoRoeA^ i^o oottAitiofio ii! tho 
Bv»n thou«!h a immtaox' of h i ^ eoostlni; i^to noatvoo noziitovo 
art in oxistoneo in loagititdiDtil sonoo oonposponAiBg to OonoAa, 
Baropo «Ktd tl«s*A,» tbmm mm ynvf tmt roliiilblo iBoiiit07in« otationo 
ifi tHa Aiian aoBa« Haivi»g i^ aaliooA tho Inpoaptanoo of tlio Hii^ 
•ottatinff mtto iiaitt»oB iMiiiteif in tho Asi«i aonot tho iftithov t o ^ 
m loaAinir i»avt in aattiaff up tho fitga ooitsting vato nontvon 
moaitov «t iiigaxH (S9«7^* 333^) «)ii^ io at ttio o«iiatorial 
3.oo«ti«« witli a iroytioa ontoff vifiAilgr^ 19 <»•• 71ko authov 
vao totlMitoly invaairot in tho fiibrioation and aMoaft^ ly of tho 
noiitMn monitor piio ant ito tvanoiotoviood oivonita* 'ho 
iu^io» wao ^00 isfolvod in tlio dooiffi and fiOtvioation of tho 
fliotoffiwiphio oCTMigontnt Urn voooxding tho oooRiio nor intonoitj 
data, fho «itho» oOioolod tho nontvon aonitor data to«otho» 
vith i^ Foooaco and tonpOMtoM daitn fov a foaaihla yoviod at 
•» i l l «• 
m iiff^ nNMit typ»» ^ di9r» sua y^yiftto t f •elar aotiiril^ «»iiig 
th« i«l« faran vwxia ifia* »«tw»i!lc «f ntutMii «Bd inMaii ii«iiitoni 
for tlii $«vioA 1^7«7€. It HMI b««R tiUmwrm^' thtct tht mtaiw 
of th« IdiMI t«xtt Aiiilar Tazladion of eo»ai« vtsy Inioiwitsrt paxtl-* 
miteat^ tm QB^  i s ean a^smSilo to thm 3p«i^t« on y«axl3r mnmm 
%miA» ^9m ftli tSio Ae^m in m yoar OM ooi!U9ido:poA« 
flio tlio»i« i s aiiriAod into mix oliigptoxw, fho firot oliiffloF 
t»xlofl3r i<9viowi t!)o «at>deot of tim ••riatiOB of eoasiio vtiy 
lutonsi^p in 9artioal82P» tlio promnit tixiAorot«ndiiig of tho daily 
rtstlmtim* f !i« ooeosd ohaptev dooio .vitti tho oa^orisieatoi «et 
ti$ of tilt Midi ooimting xrato nontBon monitoi* «t Aaigaxf) onA • 
lixlof aooonst of tlio a«ta i^ oooiTditig «y«t««« f lio thivA oiti^ttv 
giYoo m «iO0«»t of tho «no3^ioid. i»ithod« m»ple^9t^ for pmrnmh* 
Um ^M i«il« I^MM T«piouo tMtttx^ n m& aoooii nonitovo* In tlio 
fwarlli «iiiyloy« tlw ol^ oovrgtionoSi vooolto «»di tlio dotoiioA 
<^i«oi/losliil«« of «lio aiuxnol osioetyoiqr on Aiffoxonl t^i^o of 
U9m§ o*i» i»itt ior« (^)» «o«n«tio otoxwi Aa^ ro (1I91>)» Aio-
^i^oi Aor* iii>) onA AiiftBxiMA flioro nithout mgnotio otoxw 
iwmm}^ ^liMk 0 yostioulor oaphooio on thoir oooooiotion i f i^ 
tlMi WiMyitMt iotor OBi ftovlqroioftl ^wemm%mm hmr% %oon ASM» 
Ottioti I* ioliiil» iXoOt tho oorlioir oboovr«lioMi fMM %ot]i tbo 
nowtioii i i nilS oo tlio rmmm Aotootovo luvro lioon oonoiAovot « i ^ 
o •!•« t# Hi i f i l i i i i tlio «lN0icli« ^oatoirioiir of %im iiito«tl«Mit«i9r 
iT «» 
»«A«1 f•» %li« •s^lantflicci •£ th« i«iif ^•m •aviailltfii ^f tht 
Aftilj vi3pt«li«tt iina «• MMMH^ f«y tlM vaaFivmi i l i « i | ^ Meoatljr 
a^ MMVf«i i» ilM Aaily faviielioii Af «Miii« nor i]il«]i»i*l3r, f 1M 
o^Mie nor iattiitsil^ Sjwifa from Aai^m trm m mn^«r of 
aoaitdso «si4 thoir thoovotioal intospvottfliami «vo Aiooooaofl i» 
h^o f i f l t i ^iq^tor. fho voouXto l^ aooi on iumtTm tM MOOR 
laonitor tl^mrft^iwa for tho OOI.«IP flax* loootion ofieot on 
doily vaviotion of oooado sogr intomil^ axo pxooontoA in ttio 
fho otudr boa iov*olo« that tho oaiplioip notion of tho 
timo im^Kriinoo of tho ftiasnal aaiootvofsr io not iraliA ofon at 
tho aotttvoB ttonitor onoi^ioo* $ho natux^ of tho Aivamal 
aaiaotyoipgr* pavtio^Iax^ oa fS^§ io aloo foinift to ho iroiy anoh 
Aiffoioat £Mn thai mpovtoA oavUor, fho vooolta «ihtaiaaA 
for tho iinxfiai aniootvoiogr on Q3> (oonaiAovine €o neat ^ io t 
iiaro in a yoor) avf aa auoli iaitaaalliw oa tho voavtta «MaiiitA 
Oft aa loarly «voM«t haaia (ooaaiioyinff a i l tho Aasra in a 
roair) iup oMwiniaf tho nafeitiio of tho Aliunai aaiaotvoyor. 
thoiof#io» ^10 ysoooat iBvootiffalioR ia ^ apolovamoo nith 
sogafi to «Mi «iioMitaiiiiiig ^ tha AotaUoA ohavaatoviatioa 
of tho iat lr t^itatioa ani i ta «o3.alioaihi<i^  i«ith iraviooa 
aoiav aai goofferatoal pamsotofa jofaaomtlng tho i»to»*> 
Ifitm&Hm ooMittAfM « i i f ^ 4ifioMiit phaato of oo&ier aoti^ily 
« Y -
•iiA hm iMltmt9t ItevtHtv M«p« fw iiirt«tiff«fti«n in this 
9mm Af the lBp«vt«»t •oBOluaiotHi tfeiA li«r« MMve f^t fven 
1* t i l * 3r«tx^ «r«»iit Alumal anistftvopg^ df oo«ml« vt^ 
In^mmitf on QO h«« %••» AttcndiMA as vigidll^ imat^tnAtnl 
(0 : i ©) ulth tliMi «9|W]> Unit ing ipigiAitr \ ^ 100 ^•t th * 
v p U ^ i i t (fif 0»4 ^ in spftM) «ria I ^ M M e^nmipoYiiiiig to tml^ 
mttho}. Aivooitioii in i^aoo mm tibtrnwA ^mMtioolly^ imr«i*i«»l 
dttving tito iiosloa t997-70« Ttio inaka trat signifioaiit o^oni^ 
in tiM aittmoa. oinplitttAo on QB during OOIJOP nil i iwn povioA 
1964^^ tBoy bt unaorstocNI in toxoo of tlio iP«x>i«tion of D^ ppoi? 
oiitoff vigiAity, boyona ^hX«^ oevnio x>iKr foastioXoo Ao net ooro* 
tftto* fTtmmt ^ ^ oharaotftzlotioo of ttio aiuxnal oniootyoipgr on 
QD, diiHng tho povioA 19S7-70t eifo^ooiililoto ttgxooawnt witli t h * 
pvoAiotieiNi of oeiivo«tl«m<«difflioion thooxy* 
2* Attving 1971«74f tlio f i g i i l t y oxfmioiit iB }i«fl l»ttn «oti«-
matoA to %o {1^  «• 0«4 for tlio nfpoy limiting r igidity ^ 1 0 0 9tr« 
9« ansring 1971«*78f m tmtHl Aoeroooo in tho vnplitnAo of 
tho Aimanal tfdootioyr on QS is «i¥MMrfoi on oU. t l u intituAoo* 
4* otoint diuring 1ft$*76t tlio yovioA of a inlaw oOlor 
•otivity# tko Aoorooao in tho Ainmnli Opq i^tnAo on QB (ik|) io 
novo f vononnooi. f hio toviiilion in A^ io not oooonntiihio hy 
m loooomlllo 4hongo in tho voino of vigiAity oyootiun or 
\^i$ ftupthovf tho Atnanal. ontiitnAo on ^ io 'fmef tm taring 
m y$, ^ m 
$« tlk« ithaa* «f th* Aituttal amiaotxepgr hiia ib«tn •osll* 
mifiisljr shiftiim t» •arliev )iait3E*s m im go hmeik txmi 1957 to 
1954* Alsoy in 1994» tli* 3r«ttr of ninSiiiia ooliur ootiTity 
<22«7toi» o«e thoB 197€) tliw antmai phooo lo tftiaorvoa i» tlio 
^ 09 hour airootion and tho AiuvBol otRplitaAo lo oiboonroA 
•Imoot isoiiaifioaBt oosoeiatoA vlfh ammUiBV:y *«WiQr* ifffe«i^ » 
pXaasotoxy na^Ti^ le fioia (X»n«F.)« 
S« again i during t)t« aooliMng phaao of the pvoatnl aolasp 
or^o ^Ot tfco tthaao of tho diumaii mtS^tivtvmv on Q(D haa ataaAily 
savanotA to oarlior hmsm ainoo 1971« fho phejso ehift daring 
1971 ia fimna to %o Xa3*ipv «fc oi|tiato«ial atationa «ia 9mtp«sm& 
to otrlMty ataticffitfi* 
7. th9 i^ haaa aSiift to oazliM? honra ia aoro fmmmmmH in 
tiJO j99am 19711 1975, 1979 mA 1976. 5rho phaaa of tho diuynal 
aniaotropr on c t^ on v^il^lr afomNio YiaaiOf htm %oon Obaoiprod 
in tho oaxly Monaing heiua (^ 09 Hoov) dnving Jnljr - Bt/ptmUbmt 
197€^ AaxAng thia poi^ oA tlio X»lt,7» ia alnoot poivlinc *mm^* 
^«»tnf aaido tlio BISOA 9«3^ «vit3r Aiora* 
t« I^Of tlio •aviation in tho Aiumal aniaotvopr on ^ 
00 ilNMWoi hy aoatmm sonitova foif tha niiniwai aolav oatiTitf 
poitoi I f f M f ia «M0tlr otaiiair to that oowuncaA easing tho 
miaimm mtm aotititr foviod 1999«^4» tfonoo* i t ia foito 
apyofOirt- jNoM l^oao «lMM«f«lionB that thofo ia at^roav 
vi i <• 
9««ioii#it3r In "111* iiuxnai ttBidttMfgr iiMiih i s •Ivavly 
9liiwmmSbli% 9i«%iMlti^ «B O* Kliwft ft ignitMi«li« inA a«tiiit«i 
9* thv ph«M of tilt di-orBia. «Ris«tyop9r «n ^sn lAmv t)i« 
valtMi #f Jij^inatx ! • hi^«r« i s fotmA to sliift toiravfis taxlity 
hoasv ia •oRji^ axlooit to tlio p!&ase of tho dlttima imiootToisr 
on QB ifhovo tho voltto of i^-indox i^ lowoyt on adl tlio otitiOBO 
oxoopt AtaioiibttI t»& fft* Hotftlmrft for tlio posioA froo 19€5*7St 
vidoli i s BoxvoUiy oxpoetofl* ?or tho poa^ oA teom f97>-75« tMs 
foltftiooohip has t>oooQM oon^Iotoly opposlto <m oil tho otationof 
i«o«» tho .i»h«oo of tho Aivxnal onlsotsfopar oa MB vhovo iip io 
hX0MVf heo «hiftoi toinordo lotov hmx9 in oonpovioeii to tho 
phaoo of tho diuifnol oniootiravgr on Q& i ^ s o IL io ImmTf 
HowmrtPt jthBMiai^ oA onA 19|, Bovikvum noutvon wonitoving ocrofr-
tivftia otieti«Mi hovo ohown this oppooito volotionohip hotwoon 
A^  • 1^ otoarling frtm 1971 omnupAo* fhosofovot tho rolotion-
•lilp hoiooon tho JL-iniox «»d tho di«xnal oniootvopr i« »ot 
iitmaAmKk imrtng tho ontixo poviod IfiS^ l^f* 
10» tho iiloyail. oniootxopgr <m QS* <whon otoAiofl on m d«r» 
to«4ir %•»!•• thoiis iroviiSiiU^ hoth in MplitoAo o»A in phooo 
•AA HyMi tuiiil^ilitr i t lavfor on m^, 
11« tho li^oproi Totiitioao in tho ovpltitnAo «nA fhoiso of 
tho UmmtSL muSkW&^m^ m m mwim l9Tf «*7« ovo not oiq^oiaAi 
Ir i^M l ia i l* tfwn»«lio»*ttf^oiofi noAti Aoo to tho p»tl»i»It 
• • H i * 
12, fktM th« ai9«ot«i«ii •£ tilt 9r«s«nl37 mnSltSblm -llit»» 
»tti«ia tto&«X« i t i» •WMiladffA tUttl 1^ «far*« tlt«ex«ti«a3. »«d«l 
wfivstta to «i9i«iii t!^ s2«gr«MP 9«»i»Ai«itr in th« aiuvma 
mlwBt^ttffff hm hmm fmaA to ^ mtiofMtofy for miAovotoaAi^  
tho olisBiiiig lioNevimu? of tho iiitox|il«iiotoiQP aoAiuii OBA to 
exploia t)io iMutzon noniteif iiboow«liOMi on QD fop tho i»tiro 
poHoA undor oonoiAozwIiMi, 
eoisdo 3 ^ intOBoity in tho rongo 1 • 200 ^f io ^^  0*0@ ± 0^0!^ 
md io inroriont during tlto poifiod 19<4*-'70« But A | h«o in* 
orooood ^ m footor of 2 in oil t)io ototiono dttzing I970»71* 
A| oloo ohoMO a oiipnifiooiit inovoMO Atiring 19t9«74« 
,4. t ^ . * - . ^ th. a ^ ^ , ™ ^ » ! „ * , , « . « « , ( « ) 
^ fi; '^ -^  il 0*9 hmvm onA ronioino ototiotioolly oonotant anviag 
M^i oiitiro yovioA 19<»4«7fi* flmot ^ io ooooiitio3.iy along o 
atvootion yosponAiottlor to tbo l,K,f« iiiootion, 
!$,» tlio idioiootoyiotioo of tlio ooai««iuvRoi oniootropgr of 
mmAi$ WW i«lfiioitgr on (^ In tho vigidi^ >«»«• 1 * too OT o»o 
fowii to %• rigiai^ Aoponiont with tho opootiol oiipoatgt 
Si. • o»i 
tho wmtiniUmmtlk iniootvopir tii^  <8l 4oyonio on R nith l^ *^^  
l ac «* 
0mpweia9» to th«l 9tMVfA on QS Airitig 1964«70» 
Tim mmi^Aiwmal (mplituiie on USD ^ mOng f 970-7f ttaa <#» 
«x««Mi4 mA dBiriLiig 197t*7S i t lim ii^r»M«a «l aott of tlw 
17* th« phsM ef tut «imi«>aiiimal Aniaotvopsr <m l^ SB ilioini 
se a«fiiiit« tvtna fo» th* «Bti3?« p«vied 19€4»76» 
Id. tiMi i9rc%«iB«li« t^ thfcrlcmif m clbsorrad on c^ i s n»it%«af 
fi%««3rre4 fsv tlis Aiumal •nitotrop^' »oy for ••sii^ AitsxitiidL cnis^-
%vo^ on UD «iid BBMfS fiaviBi tho ostivo porioA 19$4»7€« 
19* tho oapUtttAi of t!w dinznoi miootvopy for wtotova 
liifl» oolwr floyo Aagrs io loxeor ^hm th» ourtospA liid) oelor 
titan dagroy Anxliiff 1997«98 (ptvioA of moelMtiii oolav ootiTi^)* 
this fo3.«%i«Miulp liotwooB tim wqili'tuAo of %ho Aiumol miso-
iv i f j for wootoam liaai mA for oootozn liirii oolav fXoxo Aig^ o io 
oppofito tsHag 1979 CfOiPioA of iootiiiiaf OOIOJP oet iv i^) , 
tOf tiM pMooo of tlio diuxiittl osiootvoyr for wootom «• %PO1I. 
00 ooftoitt tin^ oolov flovo aaoro 0hmm o oMfl tovaydo ooilioif 
hmm ^ ifbwt thvoo hoitxo i» oooy aopiooii %• tho yluuio of tlio 
Alusttol o»ioo%»Oir OB QB atnriiiff 1997-fS* Vhovooot ««»&«• 1979* 
tlio lAuioo of %1m MimmtX oniootyeir tme woo^ oxn oo mtt oo 
oootoM l l i * oolov iimm Angr* xottotao olaoot la tlio OOMO 
*- « ' » 
diyaotioR m i t i s flibMvwA «i Q!)« 
211 ftatiUMit i t fMQT t>t pomiblft ttiioai^ nnm vfitmi. oo«i!ilo 
inor tiibiitvTtitiflaM to e%t«ia t!i« vipp%T liidting vigiAitr •^arond 
vtiiQii tlw ditunua no4uliiti«ai «•««••• ^h* Xoim^  Itoitiag ifigiditr 
i» also tuBdot«xi!iin«A« fhoxsforo, i t is nsosssazy to sxtsnd ttm 
v^ angs of t3io el^sorfations of the ooasie vior OsiXy Yaa?i«tion t>ot}i 
Ify itsisir tho wpmath»ermft dsts as wtll as ths data f^ ran nndsr 
gvomid »0Bit02» for tmAartstasdiiig ths psossnt bsharioitr of ths 
AiU3*zial «!Slsotyo{^ axid sstdfeliihiiig ths Ttiliai^ of ths psopossa 
aodsl« fhs ftttoxs SB^hasis meat slso hs givsn in ftstsssiiniae 
ths looal tiias aspsMsniss of ths *aspqp^ oti«^  dii^estiott of 
viswisg* ana ths satoff sdgiaity of a paztifudLav station» ana 
thsir influsnos on ths aaily radiation of sosnis vwsyM» ?hs 
ssosnt ^serrations of ths shift in ths ainxnai i^ hase en QB 
daring 1971 ana onwaf^ s to sarHsr hotum aifs s t i l l ^nsxiplainsa* 
In o<»strast to i3>ovs» irsxjr l i t t l s is undsrstooa lihoot ths 
aigr^ to^ aior Ohangss in ths aiumal ana ssmi^aiumal anisotroiigr* 
Vhsvsfoxst invsstiiatieas of thsss aa3Mo-a«r shangss in 
velstioa to •azying solaa^^intsrplaastazy ana gsopharsisal 
pavMStsM assa s ftusthsr stuar in dstail* 
( Santosh Knaar ) 
/7- '0. 7P-
J. Of tht Ixmt* of Bl«d» a»d U«1«OOP». Bugjpo*» 1975 • 
Vol, a i , ifo, 12» p. 655. 
e* f!)0 stoisr Of tho diumad wmeiw^im of oomio rasr intonsity 
mffiim %lm nasstotioeiiy ^ o t «»d di9tux%»oa daijni «BA d«3r« 
of nugno i^o vtowi « 
Abatrast iwil)ll8hod in tho pi»»eoeaifi|pi of ttm Asrmpo** 
situs oa 'Bavth^s iSaess 8pt»» ^imixommn^* t hold net 
S.P.1i«, How B«l!ii» 1975» Ho. 10,18, p, 504» 
?• HodaltttioB of ooanio x«sr« • 
H,p|iil» DioMttatlon (Unptti)*), A,!1,U», Hiijasfe, 1975. 
4» Sptotna oluuraotoyiotioa of tho diwmaS. «Bisot3»>p3r duriiig 
AiffiMirt; typos of $tgm -
IINitMOt pttMishoA in tbo proooodinis of tho *Spoioo 
SoiOBOOs SariiposioaNl977* • hold at Tikxwi Sanflkhai 
8paoo Oontipot fi*iT««idi«n» 19771 p. t^ O* 
5« Solar fl«ro looation offoot on tho spootnl oharaotovistios 
of tho iixumal anisotvofgr of oossio sogr istonsitsr-l •• 
R»9« Taiarat ffftlWlll f I M F t^ ^*^» ^Mivi* 
*•» jL» • * 
Oim%yt» fxiVMBftwHi* 1977 i 9» 947* 
€• Solar flar* Io0«llOfi «fft«t on th* •p««%»il d)i«»Mt«»i«ti«i 
of tin* aittxnal MBittotvopgr of oowaio mnr intonoity^SX « 
ra^UohoA in tho prooe«ai»g» of tho Fovtisr Sixtli ktamwH 
BoMiioB of tho lfidd.eBii2. AooAomj of ^i«Tio«s« ZnAlot ^ ^ 
at Btihl tjRlvowlty, 35alhl, 1977f Tol* 47A, l»«rt !!» p»87. 
7* B«i37 vorittfeioB of eoffaio nor intossitjr • 
I>ubliol)oa la tho prooaoAingo of tho tos i r Slirt^ Asmuil 
SoMion of the fii^lmtSL doafl«!3!Qr of SeioBooo* InAiat hold 
at Dolhl tJMvosoityt Balhi, 1977* Vol. 47A, l>ait XT,]^  23.S. 
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S«S« TodaEVOff Samtcifti gta^^- BaArQddiii» B«3« Haiia o»d 
f,H, HoqTi« 
Ahotraet pohXlohad in tho proooodif«o of tho *Spooo 
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iraSLtair» f978« t o . 2^$^$^ p« 18* 
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TOkliOhod Itt tho yxooaodlBgo of tho fovl^ iofonlh AaaoOl 
Soooioii of tho Watioiioi Aoado^r of Soionooo t Xadiat hold 
ad »iopaai Vniiroroi^v f978» »o. 95^10, p . 17/9i. 
«mis&fm8 Ameiiit t^ ^ritieaii olMiildiiii of t!io tlwoio* t m 
OXtlWIftly g l W t O l ^ t o ? » f # ?1.^ « lollKWB f l lO», ?1»«ift» BtpiCS^Itttl 
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i»»o«»oh ^?0ap In tlio TSofaf-faiMitf I «a Mii^ly oMifjot to MB# 
fbo ffiitfeo3f iqralofiilly Mimoiiioi^o tlio l^ i t f t i l ^immmtmm 
io i tiMi onooiitw^iig l»tof<oot ttS^ ovi Isgr ^ !rofi« I'.B* ffwiwd i i ^ 
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ioioBoo OolloiOt Hoirai fov t iwy t l r oofvplrittil oono of tlw ittf^mo** 
tiono* 
fHo tftthoip oxj^ iooooo Mo imdoliloAMwi to tlio Woiia Iteto 
@wit«oo fl»A to i l l tho invootliii^OMi i ^ liacfO ooii^Hoi tlw ««lo 
ami In fovtioa«Pf to »*of« H,?» ir«n», 1^*%,%^ AtnoiiOioAi 
• 1 , 1 • » 
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Sinott tilt di0O0v«fsr o^ QiMmio vigr* i s 191S t)y Tiotov 7* 
H«8«» ttift et»nl« vest rtstaaeeb has off«x«A tl^ tm^b^v of proMtmi 
for i»vi«tigKtioB IB AstroioliarsiQs* Solasp-ptorsira* Ooopf^sioit 
Hig i^^ i»Tsar plorsleo aiiA Kltnontaxy partieXo niorties* At 
pveooxitt vo ha(V« t%o eo»mi« itef o1>««z>f«,tton8 f^ ?ii» a rmsStmw of 
groima t)fts«d isonitom ^IX Alstrilmtoa in longitttAo «»d latltndo 
and t^e tavga ttnoast of % oitit* 8pso««>oraft dboorratioss of 
the istdvplanotafsr pXooma and negnotio fioM pave^dtoro. fliio 
piKnplAos tho mmrne^k ^mfitmm «n oppwe^mity to aov»lot) tjhyal-
oal tmiozvtfiBaing of tlto B«i«tli*o ime» omrlronniontiii ana tho 
eltetvoeagnotio prooooaea t«%iioh opancta la tlia intavplaiittazy 
saAiaai, 
It ia o'baarroA that AoTiiiff aolaaf flavo8» 9iia XooaXlar 
pvoAaaoa a lavfft imalNiir of ooffiio rtst partiolta* nesnally 
vltli aaovgiaa^ 100 t^ T» hnt aoiMtinoa axtaadiag avaa to 
oaoygftaa IJi^  1 OaT» pvaAaoing a Aataoti^la onliaBoonaat i s tha 
aaanting vata vogiatoMA V tha ffvocmA haaoA Aataatem 
(Foaavaata ana Patniat 19€0| l^ emapanta at 0I«» f 9«e)« Xn 
faaty tha fivat ial^vaaaa an tha AarOhlMAaan aplvaX nattura af 
tha IntaxpXanotaiy »a«aatia fXalA vaa aataalXjr «^taiaaA ftroa 
«• jf «» 
ertMM (KeCxmlctiit 1962). Mvtet *|ji situ* mtrnvamnm^u 
e«xvi«ft out oribottTft fiittmmm tmA X^ •ptto^-'^nifts (H«s» «t iPL«» 
1964| ffeCintfllttii wnd !l«s0« t9l»6) hmw •osflmaA ttit vpini 
5h« •ol6V raagmtic fl«ia i s Immm to «^««/^ tmnf v«jy lauge 
regions in spaes (-^ l^OO AtJ) «nA lias Hij^ ontrpy dsnoity ( >, 10 
tliaes) ooflspas^ ea to isalaotie fsafmotie fisia* ConsocrasstSjrt 
tfi0 prajpai^ion of tho eotpnio reaietion in tho intoirplcnetaxy 
spaeo i s very matih sffeotea t^ tho oharaotsvistios of ths 
magnetio fioia in the solar ssrstsn* ^arefovs* tli« galaotio 
oosmio 3?aaia(tion whi^ i s lav^ sS r^ isotvopio otttsias ths solav 
systs!!} shows tims variations xanj^ng in ^sxlodisitiss f^on a 
fmt ninutas (tihan^ ana Sarablkaif f9^7) to alavan jraar* 
A nuaAiar of spaoa-eraits ms^ scmtiniioaaly monitorini tlie 
baluafviottr of paxtialas ana fiaias in tlia intavpHamtaxy snaost 
tlia lilisaiTations ava Mainly l isitaa to lov anoni^as ( ^  100 
ffsT) ana ara also soafinaa to naar larth vagion* ?liayafora» 
tha ffvoona ^ asaa aataetajm aza assantial to proviaa a sonti* 
naotta inaax of oesnio vaaiation for invastigating tfm variation 
of liii^ ananor giaaotia oosmia vwy pavtialas ( ^ 1 Oaf)* ^eli 
a study proviaaa tha infaxnation on tha long tasm hasis of tha 
alaotaranegnatio eonaitiono of tha intavplanataxy spaoa a»a also 
•» ? -
*i]i««i6«Mi%l«* wgiotts at Ita^ aistanets amor ftfon tit* ei%it 
0f th« Ba3*tli« "^ ints tlie jftoajr of t!i« tneAtilfttien of 90«tie e^Qra 
is «sMntlallr ft eoarpleofntsxy o t n ^ to t1i« *&» oitit* asasiis*** 
f&ftnts foir providing & oo!8|>3.«t« ut^trstiuiaing of tho iiit«p» 
planotaxsr psn^eeases. ^^b© varloiio rmtmetn of raoaciljitioii of 
ooanio •sem bccre 'boon roeetitly rorioirad in a vexy oo^roluiiioivo 
rtasmer Isy Tjoes^ twooa (1971 ) • Pflciaraista aua ^^a^^ Cl97tt 1974) 
ana Hao (1972)• 
f!io ^rimoxf ooaiiio ««3r» ootnist of pretono (85 - 89 ^) § 
a«*tft3^ioi98 (10 - 15 If) aafi hoaty mtolioi (1 «• 2 ;^ ) (Sinfisorf 
1958). taotopos of aiffasant tmoloi in emrtto raya !i«r» alao 
baas o^aarTod. ^though» tliaya ia iio dafinita avidonoa a1>oat 
tha psaaanea of asti-molai anong prinaxy eoamio xaya tnit an 
uppay l i a i t OR their fltiaeoa hm baaii ptaoaa at 0,1 to I^ O ^ of 
tlia proton fltoe, Propartiow of altetroBa mA Y-raya ifi ifboitt 
1 ^ anA thay n a i i ^ aonatituta t!ia lour vmmy part of aoaRia 
ray f ins, Hoatrinoa ara aiao axpaotas to "be praaant in prlnaiy 
oaoMta raya tutt tbair proportion ia ttneartain and thair aat*o« 
tiott ia radhar i i f f ioo l t * tfpto iron tiia ooe^oaition ia wai 
aatibliiliad, fIMP avidanea far tlia asdatai^a of imalai npto 
abimt ttimini ia rapartad in litaratora t^ Ttofioaa Mithora 
(BianfOri at iii*# 1979)« Aa far aa* noduiatioii af aaaisia raya 
ia aanaoaMoA wa la i vit l i S ^ 9 ara uaispartast* 
fit* p»op*rtr of eiMnie snort t1)«t Mt» thmn ep^of^ f!em 
«11 otbtv IdLaas of raaiaftiofiui ia th« T*fy lave* iitdlvidtiaX 
9vmv0.9» of ooffsie rajr partl«lo»» fh« •iMrxfsr of tho primazsr 
oottcnio ray paxtlolaa trai? f^ Mm a fair InmAsaA ?%T to iil»oist 
lljSO ^^ (g^g^ at a3L#» 19711 ^an at al#» 1972) «»« poaalfely 
lil^^v» ^OMarart in ansr oasa partiolaa of anavgiaa i^oatav 
tfean 10 aV mm not a^epaotai in tfca pi?l"»afy eoi^o raya aa 
titay xmB.9v^ aavara auairjisr loaaea thrwu#i BwHRoatraMtiag 
tisKMsaas* 
nueh a prinaasy eeciiio ray inxotaiy %di«n trawjwa t!ia 
Earth's 0ti3onph0ra, oollida a* or nofa? t!ia top of t&o Sart!i*a 
atmoapliara with air mtolai (H, 0 or 0) «QA tjroduoa eweoiiAexT 
ooffi^ io n ^ i AwipmiAim on tba onargy of tlia icoiaaist partiela* 
%y mtolaar diaintagratioiit aa abown in Pigara^l.l (n$ap9m at a3>»» 
1953)# *?!» 1>ali8v^0ar of tha prlaary oosr-^ io nya is roflaetad 
into tha aeooa f^ixy eoasdo rniya vhi€ih earn heing fitudiad latar 
o» hy tlia fprawnA "haaf^iL dataotora^ PraiOtieally aUt tha atudy of 
tba nodalatioB af ooania raya haa 1)aan eondaotad troii groimd 
1)aaad o^aaxvaeliona vmim nautroa and laaaon monitor«« I t anat 
ba raaaiifeavad that a i l thaaa nenitora raspond to a vida ranga 9f 
anarRiaa. At groond thaaa monitora raapond t»m an anargy of 
A^ 1«9 Oat (l^lBltad hf tlia aitnoaphara) to a faw handrad OaT, 
I t ia traay aaaantiail to ham a alaar undaratandiag af tha 
aomilati'fa affaat •i fiarth*a atttoaphara and tha iaona«iiatia f ia ld 
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Pig. 1.1 - Schematic representation of a nuclear 
cascade in the atmosphere (af ter Simpson et a l . , 1953). 
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on til* iiii>ia«fit pstmasBT $«vtieX90» Vtf««« iiit«xpvttin« t1i« 
gsrauaA hfumA mmmit nor o%Mvr«ti6iUi in inmm of pvintxr 
oomio vaar irariadlonA in tlio intei^lttRotaxy fsoaiuiii* lS8«tffti«llar 
tlioxo «f« two inpovt«»t offoot*! tho first t>ti?ig tho isonoxle 
if0lctiofi«hi|> tMtnoon tho iHTiaarioft and tfio wem&tasf thiy ppo-* 
duo« t!n*oag^ tlieii* intdvaortiORS in the Berth* 8 sl;8io« !^i««tt th* 
eooond rel«td8 to tho sotion of tli© prfomfy partioles in th» 
goomagnotle fiold, A isirtitwr of thoorotioal attoaipts V^y^irmm^ 
195t| t:«inio ot «1», f968| Ti© Sranner a»a ?lu«i!tigoi?, 19^1) 
lifivo bean aaa« to TOlato tho atoondaxy sos^ie ifaiy Tsroftaction 
to th® prl.'/tai3r intonoity at tb« top of tfc» ata!0«|>!iere» T^ cn** 
otrox^ y i t i s otJ0srwd tfeat dsasl'sitig a tmltiplicity or opscifio 
jrleia faction from o1>s«3?v«fl latitude effoots i s focma vsty 
ttQofttl in int«s|}]?sti»g ths socondgay sMnie my variatioiw in 
tsnis of ths pTimaxy eosnie roy Tsxlations at tbs top of tits 
atiaospbsxs* :H»z«t«n (1^7) !ifui ssi^Msssd ^eoirpling ornistsnt* or 
*t}is diffsxsstisl fsopc^ws l^ motiim* to sstimatt th» oontifi'bntiin} 
of s pxliftaxy psrtieis of snsingr ^ to ths ssoondszy eanp«rmn^ of 
typs i At « atiaosphsrie i!o|ith h «§ folloiMi 
A i s s soBstsnt sndY^ t«€ sad I^ O^i) i s ths «ibssrrsd iatsasity 
sf ths ssssndsay ssHpsnsnt i st Istituds Y*"^ ^ atassyhsris 
w^jpth h« 
«» o «* 
19S7) hwf fl^atntft t)i« i^innm^at* isnlti^lieltr fUBotSoti 
ttpplifeiblt to th« fftiidiafl of BeAnlatioii of ootfolo rtsifm^ 
followlBg Bo2iia» (1974) f tho taoauXscfeioa of oosisio x>83r» ot)9orrod 
at «a^ ground banoA tfotootov aast t)o 9a:pvo««»ft as foUons 
irtit«o B® i s tho outoff onorgy «t latttiido;^ » 
fbo first tomi on t!io vif^ hand sido of i^ (matioa«1»S» 
STSprososts tlitt Yaviatioa Aao to tho ohangss in th« outoff 
anorgSTf nhieh i s usuallsr voxgr small oinsspt for Aagrs assooiatod 
vitli ttasaatio stozns and ov^ rsoontl^ r i t has %aeoma possiblo 
to dotoot this in tho prosanos of tba lazusr •ariations of 
difftjpont oriiin« fha soaend tafm i s dna to h^a tlhmnmB in 
tha tantstvial atnosphorio i^ aMiMtavs (aataoroloKieol affaots) 
suah as vxsssnxs and ttirparalvva. ?ha thii« tain ineludas tha 
Taviatian dna to ahangas in tha prlaaxsr •mva^ siHiotfaM, n^ioh 
U9sr ha dna to aooalaration or satardatien of eosmis aloatro* 
sa«natia fiaidst additianal ftaavating proaassasf soattorinK 
of parli^iast ohangas of tha spastxm with ohanging dixaation 
af inoidanoa in •emiaation with a yossihla anisotvoi^ of tha 
« * *jp «» 
do«s not tn^«A« <l?i« «ffii«l» of tlt« aiormiittidt mKgntto* 
•ptwM^ Whiiii naar 1^ « siipsiftoant in tti« «1»2ai«B of tHa 
"'ht r^ftop{aim«tio fl«ld ROfts MI a apcctrop' ajml^ rfior to 
th* ineosing partioX«8 «t «»iy looatien *;:|»* I'tmsf only tboo© 
pfiTtiolds ii!%08« •iwx^ •xe««a« th« sliiliian as* ootoff •nosgjr 
CB^) as* «illoti»a td reaieli tho dsteetor* fhn listituAe sffeot 
ot>sozv»a in th9 eoffBle ra^ r i»t«i»it3r indieatQs that tlia Qtrl* 
off @fitz<^  i0 naxtetUB at ttm a^eEtoif and ttli3i»ii8B at the t»ol@, 
fha ts^ a^ aotoxsr of tho parlialeay «va» at aBevglaa imi^ toi#i«ir 
than B^ « ia at3?o»gly itiflttanoad tsjr gicxBagRatio fialA« fbcm^ 
thaxw ava axtanaiva oaloalationa on ooMsia iragr paxtiata 
tvajaatoHaa in tits gaomagiwtia fiald asfa arailaabla (Blaaay 
1962t HaA««aaiAet 1963) § tha aosaapt of *Aay!»ptotia aona of 
aeoaftaaoa' davalopaA t^ Haa at al» (1965) ia faasA axtvtiiitly 
aaaAil far AariTinir ipavtiala tra^aotariaa itxdar to tliai:r 
antvgr inta tha gaonagtiatia fialA* fhar liava AamoiiatrataAf 
1»y ts>aai»ff tha aatnal tTa^aetavlaa of tha pastialaa in tha 
«ao«asiiatia fiaia» that aran though* angr givan na«ti*0R nonitor 
haa a Xai«t apaaiiif angla al tha ggmM$ i t aaaaBtiiaiy 
aaasa only a Toxy nurwtm vagioa in tha aalaotiaX mty^ ^ Pha 
*A«3nBi^ totia aona af aaaai^ tanaa* of a Aataetoip ia AafinaA 
a** 0 •» 
M tfc« eon* in ttw ••t^stigi tipl!mT9 iM,9h inftltUtts Al thoM 
tt«3fnp%oti« divtoticms i^ali iiia3c«0 A •if^fimuit eontvitnEtloit 
ita asdst tiw aismiptotio ecfim of atioopftaiioo of t!i« aotoetov 
003K»tateB with tfco Baa*th» tlmo ooaimiiig « fiatrow belt In tho 
oolostiaH # ^ ia a porlo^ of oso aa^ * 
flMi cia^ PRotie ivm&ilsiTi%i»» i^ioh aot aa effootivo 
eeatiososo aa?o eas^od emgr f^ ran tlsa Bus tj^ r vaAlall^ eoring 
»Qt&e pla«8a with aofovoonto volooitlea 300 to 1000 kam/oao* 
flioxofoxOi to iiitaxt3?at thaovotioally tlio ao^lotioa of 
galaotio eoat^ o ngr isttoiiaitjr* it i s 'mnf ossontial to hwm 
a oloair uaaaifstaiR^Yi^  of iKsth tlio oontiistoosS^ bioifliig •olf»2' 
wind and tlia motion of t^o eosnio vtff paaptielos in tlio 
disos€ovod intorplaRotaxsr siai^tio fiolfi (2* .^?» >* 
i«2i f tiny TiMl 
tilt snission of i>«rtiol«o (solaif plasna) ^ tlio iaa 
was iafonpod 1mm sffo to oxplain tlio ioonagnotio Alstitx%aneo 
and la»HNis» fh» fi3*st ovidonoo for a oonstant OBULSSI^  of 
tlio oofynMnlav radiation trm tlio Son was i»ointod oat %r 
Biomami (1991 # 1997) in his oxplanation of tho tails of tho 
oenots lasting aifar ANM tho 9tta» Italovt Ohapaaa i«fs tho 
idoa ^lat tho hoaliat of tho vppov ateosi»hoiw is oaasod %w tho 
•• 9 •* 
f«»«l«l«A timofy 6f ootitimmit fuT^rf^^anrndttel mEpmrnttm of 
tit* «oiBir fiwrattft and shewea tlist tli« SjBxmsf OOVOBA with oibstwtA 
t « p . » t » . . . f ^ 10« OK i . too >»t t . b. h .U M r t l . V th . 
Stsi}*8 isflcfitaetiomA fi«!ld» T\ma$ 1» th« »t«f^ otsta tlw 
ooTfT^ a f)<riet fOKpteafl oentinaafuslj ond this teealts in tho ftoxtsai-
tlfidi «f tUft «olar wiiia* flJif |?3?®B8 ywo|9«5?tie9 df the 2<a4i«ily 
blovine ool«y wiBdf pmMliotod ^ the thvoxy ^«v» htmn wvititA 
9ino9 thais 1^ f% ntfififlMiy of diMKS^  i^ mi6«»flspaf% olssowracfeicjawi •«^#f 
Xarmt ^oliit lfariii«»i i^l©»ij» eaA ?i©i»«» 8pso»*o«ift8# A 
nosfbev of oeisprehensiv^ nimimm dAaiin^ vttli «;fp«ri9i8B%al anS 
thaovitioa:! Qtoa«l« of aolar wind aro avaH a^ible in lit«fat«yo 
(X a^slaap* 196?t I«i»*» iWf$ ^9m» 19^ | Axfoi^t 1968| Haathwiaan, 
1968, 1970t 1978| tai^ easf, 1969| BorflaRa, 1971 )# 
Smm of tha gtmraga pyopartiaa of tisa wtme wii^ plaama 
«na thaiv veadidtilitsr ffi^ tha oi^it of tlio ^astli (lAU) as* 
amnnavisaa in tha 9able»1«1 ^ ieh indientaa that tha aolar viiiA 
plaana an an wmrms» i4 «lia»afltayi«ai hgr a ^valoail^ A/ 400 tai/aaa 
a»A Aanai^ A/ 0 paitialaa yar as'' anft la in iiood agvaaawnt with 
tiMi thaasatiaidL ipvaAiatiana* A Isapfsa vaariahili^ in tha aotar 
wind faMMtara anah aa valoalty, Aanaity and tarnparatnxa 
<^Aar at al.« 9 196?) haa haan mill antifl^ Xiahad trm a las«a 
nmibay af apaaa'iayaft i^aavvitiana* 
fha tivm, daa ta ai0.a» wind ia not aanatant hat Taviaa ftpoii 
dar«*^ o*da9r* On a Xwm tais haaia aantMiy ta tha thaasatiaal 
flit fibmvmA ttwmg0 dolar wixA plassMi purwattTg aaA 
it8 irwfl4tf»llltr «t th© <H*it of tut «;«i?tli HAU), 
p«ra0tt«Tt ChanMttzlttios 
?«riia>i3.i^ 
itgtio of Htiivn to 
400 iii/ito 
1,6® of th» 
4 X 10* % 
1.5 t 10' ^r 
0»05 
800 * 1000 W w o 
8® B to 8** tf of tho 
8 p«ztt«dl«8/oBt" 1 - 5 0 |»arti«X«»/«i 
.4 S X t o ' to 5 X 10 
1 to 2 X 10^ ^ 
0,01 to 0,)^ 0 
o.f5 to 40 y 
? •»[ 
• 11 • 
9f«ai«%i«iti| •ftxli«» i t mm vtpoxtta tha^ ilm aoler iflna cpMiA 
hM xvnalitva ynMitioialy invaxiant Wf9T %h$ wrrtnt solar «grol« 
a in^ 1964 ((loaUng at a l , * 19711 Hadhaiw at al*» 19711 
HaAgaao^ t t la** 197S)» iilao tha fvafoatt^r o^ oo«im«i!9« and 
mmoB^ of aiMViar in atraww hm not ahani^ naoh aiiio* 19€? 
(nontgcRiaisrf 1979)* Hawavav^  vaxy i?to«ntly on tita baaia of 
tha oliaorrstiOBS of tha aolav winA by l^ ionaar asA Tala apaoo* 
orafta* ZxrIzIHgator (1974t 1975) foimd tliad trnm^^BO^r of hiiiji 
spaei straaiiBi and tliair dtunxlioii vax^ T oiwr tlia aolar iosrola* 
^itare ara nos^ a Aaora aaaooiotaft witb M i ^ OIMMA atreaiso (tUTiiiff 
solar issKlnRim than solar islnlnmss anA tba yaaxly sfora^ o^ tha 
eolar winft s^ poaA verioo ovor tlia solisr cirolo eaoA is Mfiihaat 
at aolar «ia]cl«miis, Thara is no oorrolstion batvaan the solar 
wind ifaloeit^r a&A tha solar aotiirityt tsaasarsd in %%iem of the 
sunspot msiibar or tha intansity of tha 10«7 raAiation trtm 
tha San« But thara ia foimA to ha a •ssesr strong oorralation 
hatwaan seOtar ifind Tslooitf' ani t iniaXf tha iMax of iwo* 
Bagnatia fisia Aistax^anoOf hgr mta^ isfastifealors (SzgrAar at al*» 
19«9)« 
T(iai/asa) • 8.44 f t^ ^ im • • . 1.5 
tha ^liiiiNiiiasa 87«aar rtsvrvaiioa tanftaiMr both in h i # ^ tp 
ani ashattoaa solar wiaA ^ l a a i t j has ailso haan notadf i^iah 
ara prtMbly valataA ta MHpafioB stasias* 
n^ 
9h» MlttT vittft flow tfeimiiili l«fj|»l3r mAialt oMwianaCUar 
•liowv « «lgiiifitt«»l «Mi(|^wiit ( jt 9^) |>«9p«nAl«nliBr to th« 
e^JLftie pits* (Wi^ f« •% ftl, f 19^1 Str^sg i t s i , , t9^7)» For 
a eltiu* wKforstaBAing of the tSbtmvw^A pvojportiQo of tlio solar 
wi!ia» Btiflogft •»« Hoot (19^) 01^ Bii«t«M?« (1971) introittooA 
an idoa of sealo Xoni^ h (tlaio)* fhwf h«fo polittod oat» aa 
ohowa i» ?if!aro«1,2* tluet tlio '^ncoro and '^ osoHieaia i^ropartiea 
( f /v 3 X fcT* to 5 X 1<r® saa*^) of tlia aolar viisfi a»a liaijor* 
tast to tha attiasr of h i ^ anorisr ooa?nio riors (^ S <^1) in a 
field of/v 57i %«feai?aa» o«3y ^ i^aro-aoala isro^iftlae (3 t ICT^ 
to 3 X ICT* aao*^) a»a aeat «alafa»t to t!ia vtme^ of low 
9tmT^ ooaraia raya (^  1 (^ oV), fha iiiioroatxvat«re eorraat^ onda 
to ahoiik iwvas and tha oontaot diaeontifsiltiaa em& aot aa 
aoattartag oaatraa for ooai^ io x^a* *i1ia noaoatxaotisafa 
oorvaaponAinis to filfusanta or kiid^a in tha fialA stxuotora» 
tlui origin of thia aeala af atimatara may tia in tha aolar 
ac^i^srammlatiotHi ava Smowa m *flitae tii1>aa* «hieh asa 
raai^Miai^la far Ohaaaalinit af aoa»ia rtfftt^ l*ha saaroatzuatara 
aanifaata itaalf m a langitaAiail rariation in tha f^ agnatio 
fialAa in tha faxn af aaatar atsuatnra* tha hoanaarita of 
nhiah axa aharp « to ' In) anA atabla in tina^ Hevfavar« 
ahaagaa ia aaaar in auMEnotia f i a l i aa^iitaaa* aolar wind 
•alaaitTi X^ indax «aA alaatvaa Aanaitgr i\) in tha infliiriaiial 
aaetara. 
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Fig, 1.2 - Dfefinefl the scales in terms of charac te r i s t i c 
tifliee, frequencies and lencrths. Some cha rac t e r i s t i c features 
seen on the different scales are shown. S i s the enerpy of a 
proton whose syro radius i s the scale length in a 57^ field 
(af ter Burlaga, 1971). 
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T«as9T (1958^) sti9M«a that ttm eonanotiTi^ of iihm 
fBflitt«y in flM iovona io f^^ xy M0 wsnA th» iMtd ftoit l» 
l>rfi9oifli<Mial to f t vtiosv f (^) i0 tlio tmapwn^v of tbo 
^OTmrnt F^ rais this noAt l» shoimd that th« soleof winA ptemm 
tm^tl^ m[pm&9 oontinooiifll^ r i» ths iM&vplsmitea^ opaoo* 
TMe to h l ^ oot^otiTltjt tho l*^,y, l ints em trowm into 
th« ftolar wind plafloa end thojr aa?* oonatsaicoa to isovo 
•loitgiiith tho noting plamm (Alftoiit 1950)» and thex«fes?o 
thoy @so ertvotohoa oot in tho t^xm of an .Sapohisitdas apiae^ 
hy th® (iiii^saonio mtm wind» a« tha o«n zvtattd <Paxfeoi»» 
195fiat Ahanwaaia ana Bosolai^ t 19^)» t!*he an?^ o 0 hatwaan tha 
normtH to the a^isai fiaia lina and tha Onn^ Barth lino, m 
shown in fimt9^i^3$ i« ii^ 'i'tn t^ tha xalaticm 
ifhava 7^ ia tha atainaga Ttloaity of tha aolap ^ndtt^ ia tha 
aapiXiup iraioaitj af rotation af tha Sun and » i s tho hatio* 
aantffta Aiotonaa ttm tha Ban Ci«a* t tho aun-iaxth diotanaa)* 
9ha tfigia 3^  <i«a,» 1 ^ •• 6) ia noxnallr vafavrad to a» tha 
*«avAaA»ha*a «D|^ a*« At the oz^it of tho la3?th» t m im m 
1.5 t 10^ 1ai» ttfcinf-^. 1 Tww/Stl Atent • 2.T ^ ItT* vad/aoat 
and T « 400 Im/aoat na hara 3f "^  49^* 
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JS'ig. 1.3 - Interplanetary magnetic field configuration. 
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ttm f irst tins «oiifi»Ma «ip«rl]Mntally th» tpiyal stzvdtitv* 
of tli« 1^%^^ fh9 3?e««xi% !fi«ainx«n«»t» of thm 1*^*% ftPo* 
a intit^r of «]>ao#-oraft« ••e,« Fioiio«»»10 ftRA Fionoofwll 
tifrim Bov «oiioltt»iY«ljr fvewofi t!i«t ovoii «t « dintmioo m loz@i 
as Q/ 4i!? (i(t the oz^it of tho ^ i t o r ) t «ti«M tho g«sdon»ltM» 
englo oik«^ !os ftpfln 41^ to 67^i tlio tmfm «oai« iitsaottisia of 
tlie fioXd im in a iros^ r good agraomoRt ifith tho pvodletad 
AxoMoaataii wpim^ oonfiisaawtioB and is disti^liiitaft in tlio 
fossa of a woll dafinoa aaotor atsnottoa with I»H,i»» tjoinf?; 
altomatival^ poaitiva (aMicr l^ ran tita @im) aM nai^tiira 
(toffaa^ da tha Son)* 7liia atotov pattoi«ri« i^ hioli oovotatoa with 
tho atn» ia foaBA to aaciat t!iB»i£!ltotit tlia aoldif crol@ ('^itetm 
and H«a«t 1965i Wilaex and Oolfefixntt 19?S)» 7ba axistasoa of 
aaator atitiatitxa i» ttia X*K«f*» amm duriitg tha pasriod of 
naxiisum mvUmt aotivitsTt haa %«•» noil aatf^liahad (Colosian 
• t a l . t 19fi«t Wiiaox anA Oolbanit 19€9t 1^0), Bazdm 19€5*-64» 
tha Avolitmidaa apivaS. atzaatuya aiiovid a fmr aaotov atiniotttxa 
hafiag aaidivaational fiold« altayaatiTalr mnst or to^arda tha 
ian* Howafavt in tha latar aimiao mmtbmp of aoetora hgm »ot 
aivoaro ranainad four and tha spiral atmatttra itith altamata 
aaatoia hariag appoaita paiaritias has also htmn ohaarrad 
CWilaoit and CoiVain, 1972| fa r f lo ld ant 1^9—^ t974) lOsa a 
aami^aiiiiiai and solaar agrolo •arictien %t tha saotor straatara 
is ropaitad hgr Bmiyw (1974)* 
mam tlui I*K«F« 8ftx««liix« i» •t«Ai«A f0i%% t l»t MidUis 
foiinA -Ihit^  thQ pgoyyfci— of tho ftolA tlimr oemiMoxe^I* 
aopoxtnxo fixm th« Kforsivi opiml otxtttftovo of tho fitlA ftn* 
to pstoonoo of ft «(»)tii»iotui diotri'btrtioA of mttXl «oa3.« 
ixsegnlsjpitieo OT kifilEo ^M<)9i oxo oosontitiill^r f^soB into t!!o 
ootop «iiid ffjsa Imnam ooiwt&to vith it* f^ 03*£{|^ B of tlieoo 
i3»M^laai?ltio8 of diffitxont aoedo oico hao INMH ettaeilmtea 
to tlio iBotioii of pvottineiit pttotoophos^ io fOectureo oooli as 
er<Bsa«tlo». (^10' to. <Ua..t»} «»« «>,«>>.,,r«»a«ti«n (9 X 
to* te OXmrntev) m tfea |»1ioto8pltoro ('^ii^olt 19<57| Paelfort 
1959)» ^ aftiltion t!»« totWlont isotioii of ttio oolar pleafsa 
Galsoo tho flolA line otoohostio Convetttini; o vgoioa laotltm) 
won i f tli^r noro oysmtfiool to otoxt initio An itRp^ KHumt 
oemtviliution of tlio TtmAm^mSSi: i s to inertaso the miltio of 
fioxpondioiilesp diff^ion (tj^ ) in oonti*ost to tlio imtth oniillor 
offoot tliftt i s osepoetoA frtm tho ustiel vosom^ sMitt03!if« tigr 
SBiill soiiio inM«Edl«pltio»* 
Mooonlij* i t hiis %«on sag^stoft that low •rm»^ oovonal 
txtusioat ovoiits ooftti* aioio f^^iontlar than soloir floaras onA 
ojoot aotovifll iiBi mognotio fiolAs in tlio fom of OIO0OA %i9fla^ t»los 
<%l«iNi) isrio intoxplonotiuQr (BftvottOh sni Bturila^f 1979)» 
flioso VUlf um tho lai«t ooslo soattoving oonlyos fw ocMoio 
var ysstiOlos* flM Apoottonojr of oooorvont^ o of thoso %lt^m Wing 
MOM tliovi tlM tmif»9inw t f intovplonotszgr sho«lcs snA TknAM^ 
mt %$ m 
<l««r«M»«» (HiA mmdmm •* ttoXaar atttiTlty maOmm t)i«vtl^ 
^•owMiiiig thm iM9rpl9iM^9aB!F AiflUitieii «<Mffi«i«iit ii9ii«h i« 
ai80<nr«y«a fvtm %h9 naimMid t>«tlo«i fil0Am ts^ing ienisttlion 
«hiBflib®rs. '^ liie ai«oov«xy staxttfl th« sftaveh for tlie infltttBe* 
of th» Btm fm tlM moaalatiofi of i t s intofaiity m dbe9wmli %gr 
the grotind bemea itistnssoxitettdn* i^ro» tboti^y tli» oontiisKms 
m& 03rait«B!ac«io r<i|!i^ 8t3M(l>i<m of tbii oooeiio ra^ fius: «tortoa m 
osrlsr «s 195$ vith tim otttabliBtaMiit of o itttwoxle of iotii««tion 
o!i«aib0»i l3!3r tlio Oomtgio Inotituto of w»i!iiTigloii» tli« dotoiloA 
ii!nr»gtiisotio80 of tho inttvplttUvtaiT enam f^on tht ata^ ar of 
!iiofta1.Ation of ootiiio si^tt ^ooasio posoiMo onlr afttv ttio 
08tid»lio)BWt»t of 0 ifoxld-wiflo nvtwox^ s of noixiyon «RA MM^I 
fioRltoso doHnt Iiit«ini«lioiuiI dooplxaroioal. Totif (X^) p«vio< 
(1957'*»98)« 'Jflio onoouMi^ iift vo^itlto oMoiiMia twm tho oDnlyoio 
of th« Amto ooll«otoa 4B«IIIC Z ^ ptvidA oaa ooyilovt finally 
l«a to tho ooti[blio)ia«iit of yty Mgli ooaBtiiiK vKto oopov 
aoatMo awfttwra mA Invft o»o« oointilladiMi tolotooi^M 
(MIOOB a<mitOM) Aaving Xtttoimilidiiol Qnlot Suit Toov (IC^) 
poJPioa (19€4}« ftio Aoto aoif o1»%«iii»4 f)ra« %hw liigli oomtinf 
rato aonttova hmw oafflolosi otoHotioal oMmmMOrt oo oo to 
m f 7 m 
and •ffsi-HULtsmial irttHadioii «v»n «« • daoMiNAfly 1»ttaii* fh* 
nonitor* iiisr 1i« tfXMtifi«d «« foXluwi 
(11) 27*A«3r f9oto l^»tlo» (us? •as^asfeloii) 
(111) foa^ Kigh dteseeaw 
(iv) Ia«»«««« ti»fo£« tm^^ dftojMQtt 
(!>) Anlaotifoplo (spatial) irarladlosui «ae)i «8 solase Aa t^y 
B« a«iitv«%l0a of ftf«« p«rll«l«» mk tht ^ n 
(1) £«s«t la«f««M« af InWiMiltjr iMltifttA wltli ^^wmxf^ 
(11) iMill IncMMtft of l»t«iMl«3r ««nBtiit«A ultli mmSkX 
••IMP f l t i«« 
G, miootrnfor within gtaMtift •own* mors 
(1) UAmtSL vavlidlfliii of liligh oBoxigr yavllOlti 
(U) ft«9r««r TorltdloB of tlui ainmia •wrlttlon ^loli 1« 
m f 8 *• 
tmmaiaLmii It^hterimv wt t ^ (iol«r daily •«»i«liett td 
ttinlMan •&1«» Aolivity* 
<}08Bsi« v«iir tiit«iwitT» v«3dU|iMi t!i«ov«ti««i3. ttoA«l« hten t>««ii 
ttittir int«3?e08neotion» i» texies of •iti&osr tli* •l«ot!^i« fi«i<Ui 
mttim wind* ?b«]*« aape aiaiftly two giramg^ s of a!.! tlio noAoto m»& 
Iprooeisan tli«t !t«v<» beon aAvastoea to oscplaifi tho sH)d»l«ltoii of 
galftotio oo«Rio t*i0r«» e«fr*f CD Blootiflo fioM modot una (2) 
O0!3VOdtioB*dlflViilo!3 tsoAol* HeMOff^ r, oinoo tho ooinrootloti* 
eiflttiion t!i«ox2r lii«oxi>op»li»g %h» mrnvgy tmn toieist loni* to 
th« moot opitiofootoigr oseplomxlion of tho ol»s«zirod lo»g toza 
Rodulationt t ^ amiiol aonoitjr gseo^ont i»A «Bi90tvc^l.o« 
<C»ioto(»it 1971)» In tho tQllmdng oootieno «• hinro %zlofl3r 
iioooosod tMo noAol onA ito psvdioti^ui fosf tho vodiol Atnsitgr 
flui oitiilbliohaoiit of m footttvo MiltSi Acnoitjr imAiont 
of ooonio ngro in tlio «o1.ov oijrotom ioo to ocAov wfnA Implioo 
tho yiooonoo of on imtiMVft ooofottioR (VT) ctiA en iiw««t 
Aifl^ioioii (« 1^) nfiiilk to tlio atooir otolo oonAltieii »wt 
^aioiioo ooib otHov (1Poiieov» 1998ot 19^5)* fli09ofovo« ifo Mr 
wi to 
m %% <m, 
itfl»«» t7(]p» B) and tr (^^ ) «x« til* ftux of paiftittlw ef leiiiifti« 
<m«vacr B at a distaiiM r ftrav t%« 9ii» ana «l an <iat«v t^ ooBaaxsr 
9 •* B yaapvttttimly a»d K &a tlia iaotiropia iiflluiion aatffi«» 
ol^ aifl titling %M an iisj^ osptiiaKt %aiBi wtlaliai Ho tha iiowoif apa^iva 
af t!ui l«H«f« fita atapio oowraatioD-fiifftmieii thaoxy tits 
1»aa» isodifioA t^ a »is^]* of t^slcas* (03«attoii and AsrforAt 
I9S7| Jo^tipii aaaA fw^»# t9^» 19T0)t taSslii^  into aoooanl 
(a) Adia(&a!lia •xtevgf ohas^a dna f o noiMBoye Al^ raifeinoo of 
aolar wind iralooi'ly' (l»axl:07» 1965t ($!t«oao» «!)d l3cfo3*At 1967) 
(b) imiaotropio diffuaiim dtna to 
iBtox l^anataxgr magootio fiald (faxkap* t965| Asefovdt 19€!la) 
{#} f!ia awlatioROltip l»ati»ai» diff^ion \mmm mHi tlto 
sagmitia flald powov apaoftxun (^akipUf 1966» 1967| Rootoft 
*90o/« 
flM diffuvantial aBaliar danaity tr(r» S« t ) and diffivantiOl 
•ttsnmit dwiolV 8(Vf >• t ) in ao iaotsoplo ^folooltjr dl«l»llmtl«» 
«l IdiMiltio mmm > ii»i tiaUoaantyla dlatanoo if tvm %\» 9«m, 
la glvon %(r ^ ^ tfi«llitt af tMiiayevt and atva«>l»« (l^ ailroy. 
< * % l l <•*> 
<li«9«eB» 19T?) • • follows 
• ««) 't#T 
s(»» St f> • cajT • K I I ••* f»8 
atvitwft to trsnsfmn ttw aiffoxontial stsofeslTig of oooriio 
r«3ro botwtoa f^ raoHMi of mfmmmm mmtm s^lativo to oaoli 
ot!uM? at oomnaBt volooity (Oo@pto» onfi Cotti»g» f995)» io 
«RA «(1?) • « "• f ^ . . . 1,10 
w 
«l»vo T(Fy t ) io the ooioif idLnA opoodf T^iit^ is> t ) io tho 
AifAioioii oooffioionty B i« tlio kiaotio onovtr of tlio forliido 
with xoot itooo S^ and V io tlio lioliooontvio voAiol Aiotonoo* 
t\m li|iittlie»»1«t MOT %o ooliroA tw ft %y opooiiyiiig ttio 
giiootio opootfoa oaA ttio aiffnoion oooffioiont witMii tlio 
oofitr* Vlio vooiilt for tf %m oi^Nititiitoa io lSqociittM«S fOv 
Aotoiminioff t te flow o» tfiioetyepgr of tHo portioloo, Yttoni^ 
tHoro io no oacoot fpaonl onolartiool oolvtion of t!io l^|tt«kio»«1,1 
«» 3^ f 
«aA mm «••& fjf mcHwmimity iso wxptttm t)i« f!iy»i«s of tlm 
Bioaoastiea of ooisio vtero* iineiig thoe tlio I^MNM f iotA «|i^ ?iMei«^ 
Badioii i » aost fiiooomltil st higli oaoxigioo (> 200 l%T>%a«l«ott) 
(GX«««im flitd Aaefox t^ 1968f^ OXoosoa ana ^xobt 197?) I B ^ ^ « 1 I 
Ifuittaa of vmtntr; !^^«tloii*1«7i ofio o«n isftfp thm tof i i B i » 
S<2ii«li9!^1«8 flinoo «t onfftotontlsr hi0k onovgioo tlio ntfOfffitng 
8 to omoll trnH fimst t>o tsppxotism^m^ to aoxo oo thut m oinf)toi» 
otzosmiBg o^st i im ttooonis 
OOV* K | J » 0 ••« 1*11 
flio dlfiHoion oooffleiont (K) i« ooioiaod to 1»o « ooi^ ainaslo 
timotitm of aistsRoo (r) onA idii^aitr (B) out ia of tho fof» 
K m t^iVf t ) IgCll, t ) $ ••• 1#I8 
whovo 0 « ^ 9XA w i« tiMi poxtiolo 'folooitsr, 7o o^toia 
tlio foxto fioiA oolQtion ((^ loooen mUL iiseforAt 19$8b)» tho 
Bfftatlo»»1*11 io l»t«ixit«A« At Mnotio onoiffi^ ioo ^ 2 dloV 
imoloeB tbo apoetrol olop of tlio Intonsity of ooomio voars i« 
fo i i l r oonotwkt (0 m iS) 00 thct I!f|oclio»»f«t1 vitli 0 • 1,5i 
jriolAo tho aoAifiod oo«vo«tloi}«Aifl^«i(Hi OQiiotion* 
^«M B«ootio»»1»11t tbo voAiol donoi^ grofliovt of t)io 
Oooaio MTO io ftvoB V 
* • ^ «# 
F0» f • 9*5 ^ 10^ flw^ ••«*^ id 5 O^ Vf i t voilte out to tMi 
^ • 9 ^ / l^ i^leh i« flviitt e<RifMEV«l>l» with tlM» «ae|w«lni»ta3. 
9l>8«w«li0!i8 (G^Sidltglipi?, 19675, 
•^-y« (^) (f H) ... 1.1* 
V 
fftjp tbt eewtio « ^ wMnstvm ©f t l» tyn* T ', ^i» miti^ 
sRleotrofy «l feiigh «tMirri9« (^ 8 ^ ? ) i» ^ f,08 ^ use i« 
eoRSi©t««t with tlMi obfi«i«rsliot)« (?*o0j?i^ »» aaid H«o, t9«f!>), 
^xfisvd (196$l>) tflumva that the diffkisi<m of ooinio 
rajTB into th® solur mnftvn i s ia i^ iMi3»ftl» hiii^r sniootx^io 
with K(j> F^, 5(^¥t F^^ «|ta F_L BS» ttl« Aiff^ OiOB OOOffiOiOlltS 
parallttl tmA ^vpmt6%aaXmf to fiold liiioo. o^i* lei iftotilisoa 
vpiT6l X*K.y.« tho eoffnio x«sr Aonoity 1? «t a vafliiil difitaiHio 
r «ita oelatiti&flo © i s niiron %y (*^ M5%»t», t9«5) 
(IT • UP • 3P )^Jf • • • ^•^^ 
i s ths mgiilsp vslesitjr sf ths s^» Siitos tfis tssit 
in ths 9«iat9m ^Mafest sf iSQttAtisii>»1«t9 i s gvsstsi? thsit 11 ths 
Asnsitjr xsAnstioii will %s Isvesv thiai thuct saei)S8t«<t for ths 
ssss sf ths isstvspis aiff^isn* ^ht vsAiia «Midisiit fsv ths 
• 83 *• 
«ni»ot3?<ipl<3 diffusion «t th* of*>4t of tb« l?aath (il» • ?, 
Soth thft l<|aati<m»»1*16 ana 1»f5 tlioir theit tbt «o«Bi« 3?iQr 
t?ith inestastt i s difft^icm eoeffielerit r said vltb dvc^rei^ t 
IB 8O1G3? i«l»a m l o e i ^ 7 asid dMipth of Rod«l«ltiig boaisagflBsr B» 
0ba#»raf ions mmv B^mwA 4loo^#o h s ^ i*«rottida th&t 
the oosnio nagr fitae ia xaofiuiatta 1^ tb» 11«i^n» eolrjr «s«l« 
of suBspot ei!ti7ity« z^eohing a tnmimm (taHtm tbo ^£et 
t^ oriod of the «oXa3r 070l« aoid A laitiiyBniR noai^  tho poaS^  of 
eoiar aoti^ ritsri tims ••te3»li«hl»g m invexvo vtlfttioat^ip 
t>«twt«n tho volar ootivit^ cnfl tlio ^last lo oogeio ngr 
intonslty (fM%ii«!it 1954t l^ ononaitfl ot «1«, <9?^ a»%)« JHirtng 
tlio aotiiro i»oHoA of tlio iiolar «cr«ll«f nor* •oloir inronts pdH 
nert of tho nolar aignotie floXd into tho intoxpl«R«ta3gr 
•pttoo to prownt tho golaatio OQSRtio rtjr* temi roaohing tbo 
B«rtli «»a tlioiofoiro ttio ooinio V9j intontitr «t ttio i?«ftli i« 
dt93Ptraofl« Ylbo intonsi^ ••arigtion obotyvoA i^ioh i s oippmxi-
matoly of ^ tO if gt ntui yen nonitom anA of /^  9 /f «t noson 
ttonitom itom soltv miniMim to solov nszinRin i s found to t>o 
«» f • *• 
of a«lft «stM««ni»g tiM rlfidity A«p«iiA«ii«« df t!i« long i«Mt 
»odiita:lio»t i»ai««t9 -lliKt t!i* loir wnmver •anpeiwBt of tlio 
oooaie vttjro oboii* tbo liightst oolav orelo noftitlfttioii* i ^ l # 
th« Davtietdo witli sigtAitioo Mghtv tti«n 15 ^ «••» to 
xoeuiiii sola^livolj muil^otod and «v«it during itiaitaBOBi sola)? 
ftotivity thoipt oxioto « rosidnol itodtiiictioii of oooraie sir 
intoiwi^. 
On ttio 1>«ii0 of tlio oo«f»«tio»»diffti«ioR thooxy ttvopoooA 
1>y T*owploon {1956)» olt^ iojp of tho thiwo paaM0otei»» o*§.t t!«i 
di l^i ion oooffloiosit (K)» oolaif idad ^ralooity (7) and tho 
dopth of i!iodttl«titi^ t)ottnatt5«y (D) t »lio»l<l f«iy witli 11*yo«p 
l^ 03?iodieit3r» O^MttroVf t!«i ojstomatio irozdolsioii in oithoif 
r» V 01* B 08 wmamvSi % 8«tollito Aotootoiv (^ !«th«wo ot ol»» 
19711 RedgoooOfc ot ol** 197S) lioo not t>oon Aotoetod, oo that 
tho 11wjr««3P faifiaiion laaar 1»o oxplainoa folty* ?ho aiffteioion 
oooffioioBto K^ rniA F|| wan fustotiono of partioio ifigiftity 
and for mmwt^mm > S OoY tho vavict&oiua o^ootwoi of 11«7oar 
»«arti«i t. R-i (o'SAUgh., «a »i^«., 19<7, ii«ti<m t «i.. 
19€8| l^ oflnroeA anft Wo%%or» 19€<^ t OXIMO at»A ^%%OT» 1 9 ^ > * 
Rowovovt tlM opootna oxDonoiit ranglnff f^ pom «0«9 to -^ .^O hm» 
titon fttotod for Aifftvoiit yhaooo of 11«^ai!* oyolo (SteiA^or 
mA ObamkSioiiirifi* 19€8| StAov ot al*f 1971$ Kano, 197S)« 
Nangr mthoM hmr% polntoA m% tbo otopli3co latoxatioiso In 
tho opootndL foxn of tho olovon ywm aodttlation uhloli aiaar %o 
«f» j |J$ <m 
noanltttiag xwgion (K«»tt 1972}» 
flit iitiMisfttd tifflo lag liittMMii tlitt aaaciBmB efumie zir 
int«Bti%7 aaoA ^ b* nintnoM saliiv aott^ty iMor %• titiXisoA 
to ootiiSi^o tlM oiso of tite aodQltttliig sogion (%13»t 197$). 
tliiiig fftuaspot mzmlio]* wi tbo psra i^otoif to aofint ooXav ooti* 
•itgr, a tiiBO log of 9 to t2 s o s t ^ SM feeoA (fesftmali^  19?fi) 
vh i^ oorxoopottAo to ttM oxtont of tho oovoita i«o,» tho 
dlotanoo upto irtii^ t!io motm wiiiA 1MM not lioon 1>sKdcon isep 
by tho I.^.F.f D ^ 100 AOf » valtJO i^ hioh 1« on or«or of 
rsagnltoAo greotoif t!&an tli«ft dbtolnod f^ raei noiqr othor ovi-
flonoeot WoroovoF tho iwalno io focma to ho difforont for 
<liffO£ont pofioao of tiMi ooler o^ oXo* <1«oril»y (19«5) hoot 
houovovf poiatod out thot oonoidiox«tion of omispot wmibuT 
03.000 to tho oolm* OQUotor (^ ± 10^) ouhstontiolly voAttooe 
tho tiffio log* SuhooimoBt otnaioo hsvo ohoim that ooxonoS, 
gvoon lino iatonoitr (/\ 59G9) fv«m tho o i^uotovioX swftion of 
tho oun ( ± 10^) io o hottor iniox of tho color ootivii^ 
(Rotton ot ol»t 196e)» Oompovioon %fith hoth fSL and ?^ 5505 
intonoi^ ihoMi thot tho tliio log hotwoon tho solor ootiTi^ 
o»a oooalo vtgr iatonoltjr io of tho ovAoy of ^ 1 nonth i^ioh 
ooffffoofondo to iic^7M0 (l»o(thaAc «»d MtanBbUmXf 1970)« fho oolor 
flovo doilo hcfo oloo boon ofton intovpvotod in toxsMi of OMOII 
•odoloting fofien of looo thon lOAtJ, Hoifovor» tho oolor oooKio 
rogr otudioo hocvo yioliod tho dinoiwion of tho aodHloeting sogien 
«» 2 6 I** 
U hTsJ3^m (BttzlagK, 19«7| J«9eipii» 1971). Bttt» «h» vtetnt 
ntMOfimtat tiy instximnit 0111»MUPftt Momttz l^O iiiil 11 no 
eolar nodolaliiiig rogioa iPOMAiiui tmsolToA. 
A tim^bmr of cuthoro (Btofmoh^ 1974| tfii) |^i«Btsy t974| 
Baroaeh snd Boxlei^t 1975) hacvo s«e«st3y scM p^^ stod th«t tbo 
00100 of ooloap nodiafttieii o(nd Xoi# «miio3. groAionl of ooonio 
rears oould l>o ooooustod t>y oosumiiii th«t o onoll mm^r of 
iTiei^ fttio 1>l<9^ e or bj^bloo or tho tmtm ongio «o«ttorin« 
oontroo oxlot in tho intorplasiotaiy spaoo and tho origiii of 
thooo ooattoring oontroo might bo tho ooronol trwaoiento 
(Hoi^izk 3T^, 1975)» I'hooo ooottorin^ oontvoo prcrrldo on 
osq l^oBKtion for tho oolor ogridio aodalotioa of oopnio royo 00 
itfoll @s for tho iov rodiol grodionto* 
f ho oeomio Tnst intonoi^ «t iroimd hoood monitoro i#»o 
fflRmd to i lN^tly doovoooo olnoot oismltonoomilar with goo* 
Mo«Mtio otoiiMi followinii o diif 1^ tifo oftor • oolor flaro» 
whioh woo doaoitotrotod hy foiAmih <1939) to ho of worldvldo 
ohorootor« SIsipoon (1954) ooi^otod th«t thooo norldwido 
doogooioo oio OMoood by o ooddon snd drootio ohsiiKO in tho 
olootrainimtio oondition of tho intoi^loaotoiy aodiioi too 
to tho lloio ooowrriag on tho Sun. fhoso doorooooo rttngo 1» 
grittod hoood iMmtioii Mttitoro f^ roM m fow yoyoont to aovo thou 
«• 2 7 *• 
15 t ^^ ^ ^ iitl««»iKt»A y«l«tiTiiti« wp i^flxia of tlM •o«iii« 
ftrt f0imi to ti« mmTgf A«|>«nd»iit« fozlnish a«o»tiMNi9 KM 
ii0fnal3y ah«Yttett:pi««d ^y a sudAtii H^wmwtm of ooonio SMST 
latonoity ol^ mltaiiooiMily f^ ran i^ Ll tho dimetiono i«ith « 
3ra9ov«x3r poriod of a&wtiik dflcfo* 
Twpioao ffloaolB (Alffvii^ I954| Bossiaat 1957) feinro ^ ou 
oQggoottta turn tliao to tiiiio» ulio attvilmtod tho o^xlmoli 
Sooirtas* to th« mmvfSf iooooo |i3*odttooa tsgr tlio oleoti^ie ftolft 
oooooistod with tlio mtiltm iflwmm t>«ffn» ^ « tvo laost sitooomK 
fuX moAolo lihioli liKvo "boon pz^oood to osplnin tho o^sAmoli 
aeGxoaso# «M Ane to GOIA (1959) mSk VwAmT (1965)« Aooo!^ * 
ding to Oold (1959)* ft plasAft vHmA ojeotoA t)3r o largo flws% 
OTOJit oim aarsftr out tho nognotio ftolA of tho Ban foscsing ft 
lovgo *Raf9iotlo hottlo* wnSmw ooxtain isoooiotpio oonAitloxis 
thio *noipotio hottlo* oon onf^ ol^  tho Barth oni |»vofldo 
tho oAditlcmol ihioldiitf; ifhioh oseploitio tho foslmoh Ao^ rooM 
in tho oooedo vojr fluae* AooovAing to tho noAol propoooA 
hjr Poxkoip (1963) • foUmAng tho ovtiftioii of ft lovgo flo»i o 
hXoot twro (aognotio ohM^ e fseont) florotopo i^oh pvopogfttoo 
ia tho intoyploBotoxgr opooo ooaoisg o ohovfi loool inovooeo 
of Z«W,7« fhio ohoXl of hii^iov fiolA iotonoity psfOviAoo 
tho oxitft pyotootioa ogftEnot ooffiio voro i^oh ottyihiitoo 
tho Toftmidi Aoovoooo. nmrnrtH ofooo pi'vihoot ooih • • ^weiimw^ 
ona VxpIo«o»»5 onA 4» hovo ohoowoA thio typo of on tSbmxpt 
'0* SSS *^ 
imtmmm i h o ^ if«f»» Jbi •ifliiiHMiMiit I n t l i * •Mmitt vtgr f lux 
t lw «» «irl of th« Fwe^tli dt«vta»*ff i « pxtt^Mi^a li^ r i o t u * 
eoflttitt rtgr* vliieh • » • •nittcA Anvlng • • v t « i » fliom vwitts* 
of a foz^uflb AeQap«a«« i s pet/htSaly vclattA to Him aarirwSL of 
ttio vlioolE warn from tho Stzn l i b l ^ i s tb ia oaM o<»9liiii» a 
vola^iirolir lej^go !»alb«r of oomi-^vippoA oelas eoffnio »aaro« 
!%«• a««eoiitl7t AggtmX ot ol« (1974) l&ievt piftypoMft m 
Qfi«3.it«livo modol to explain tho vasiouo aoDOots of ttio 
o1»80rf«a oh83?»iotosl9tio« of tho Fox%t»h Ammmmn iifiioli oe«axTtA 
on Jugttst 4«9« 1973* $)i« nodol i « IsaooA on t!i» oomrootion 
1»3r • t ]»nf i«i i t ttoAulttisg mgim. ooittaiiiiiit voxr tdf^ tongloA 
nagnttio ftolAo twMsA tho aho^ f ^ i t t iiliiOh i a foXlowaA 'tj m 
6olA^asi»v (C^olAf 19591 taztctsf* 1967) tyt^o ewrity OisiitaiAiiig 
faiiAsr wal l osAavaA awnpiatia f ialAa $mA Aa|»vaaaaA ooamio raar 
intanai l^* Xt i a oofioltiAaA that ttia l i i r f^ ?ox%iiili Aaovaaaa 
i a atainlr ^* to tha Aa^voaaaA ooaaiia vior intanaitjr i n tba 
Mgiaa of tami^afl ttagaatie f ia lA tialiisA t!ia ahaolfe* 
f lM i^ai^itah 0»9X9mm* aovotading v i t h a at3Poa« 87-»dar 
vaaayvanaa tas^nagF liacfa alao 1»ean Aataetafl isi aAAitian to 
Voiittili temraaaaa initiattaA 1)7 aolav ^avaa* fhm aoirotatinir 
Foz%t&a!i Aaaiaaaaa oVaavvat at low anax^aa ( A / I O ^ 7 ) sajr 
i iaaifeat thaMaalvaa aa tlia antiaaaaA AitumaX wava tvaina at 
liiit^ wm»gi%9 (^ >1 <laT) OfaOsttilEafi at al«» 19€At HiOeala at a l *» 
•» tt9 *• 
th«l F^s^tH ^tovttcMv iix<» Mi«e«i«t«d «0l«3^ tn 2 7 * ^ 
imwasvuw^ B^twof •orot^ting ttiwaiM ov to trantitnt pl«ffui ^(md 
03* tlio ohoik wsvoo f^ ran oolnv fleitoot I'roibiblyt iMnm thioi 
o»o iioolii!nis» is opoiwlittg •l»iiltiiiMioiio!l9' in tlio £hiii»K«Ftli 
f^glon ifi a osapilioatdd istssiuinf to otsxioo tlM woiiftfOMt 9oi^ biifi1i 
7horo in also ST-^ dagr aoAuittlion of tho eosaio rtgr tlnx 
1^o«ii80 tbo t«i!«F« «of«fta(tos with tho ttotivo W9giim on t i » 
0Q» fxrom vhioli i t stoms, fiio 27«»d«3r sgroXo is too to intifiiisio 
irotatioB of the Sua tsna is sssooistoa witli oostssX asridisn 
t>«ss««s of sotiirs oovonsl mff^mm •»& unipolnif iiiai;ii«tio voffioss 
on tlio solay diss* fhis osrolo is osfwoisHsr uotiooidbls tnsixig 
psiflofis of hi|!!h solav i ^ i T i t r ^«R » ^^ey «oti*v« rsi&oB laii^t 
last foi? storo than oso votati<»i of tlM Soxt. BstsilsA mnimm 
mm ttvsilflthls in ths iitoxstiups tm the sift^oot Cvthhsr* 196t) 
onA sifioo this Aoos net diFtotly fom ths »sin pwxt of ths 
thssis* %*• h«rt KsAs GXOy s tndtsf vsfivsaos to this si^^oot 
of oosmie vtst noduisitiott* 
^•^ i t i t l i l inljfftiiwtvitt lifHI t?if tolilT TirlidfejUBi 
is ths Isith spins stt its sods with « psvioA of t^ 
hoHMf ft gvomid ¥ass< astsstov on Bsvth sssns ths sp«tisi 
snisotsopiss in ths istsipXsnstsijr spsos onos osili ia^ «s 
thsi» *«iqraqptetis sens of ssssptspss* swoops thvoof^ ths 
• 50 «• 
4ii««ti0ii« QontaisiiiMI the tfitidi*! «iii«otx0i)i««« 9lwx«f)»Mt 
» •9ati«l «»l«otn»$gr in tto lAqr ittiilt««t« Itaolf «s » t in* 
using grouaa ba««a i^HMrtiiitioBS RAlsily txm miatrm tsoA 
m««Qn iioQltom au?ittg tli« pai?iod of X03r« Zii the ««e«iit 
TttSMt tticM Taritttioini hm9 hmm stnaiaa not oaly tor iwisg 
most oopMstlcMKtoA hl0i emmting s«l« gronaa 1>a»«d attftotorsy 
mteh. m mxp»» mmtmm n^nitorB m& tmtm «a^ tt mison t«l«»» 
QOpofi %ut «ioo 1^ using ttm Aats fmis loit mmwm dttootovo 
flown in H^ oltitufio %s31ooBOr so^rots and flnono froboo 
ana also V undoxtptmnd aotootors zonpoaAing to hi i^ onorgioo. 
On m mmg» itnsio only ^hm9 fr«Qatnoi08» o*g»« 1 osroto 
p9r day or dSttsnal. vajriatiofit 2 oyoleo p©» d*^ es? 8«Ki«diti»uil 
voifigti^ and ? ay^os v^ day oi» t3*i*-diu3nial "farialion* aara 
gaiMivally otiaaiirad aa ia fftiown in ?igi]«a*»t«4f fihioh aTioww tha 
plot of tha i>oiair apaatvao danaity dSatsdImtian at diffasant 
feafiaanaiaa (C i^vgia at ttl»» 1977)* 7n faatf inpastiaallyt tlia 
haasoBia aonpooaBt higliay tliaii 9 ayalaa par dagr in aoamia »tgr 
aaatvoB and naaan data feaa not ^an >ai>a»tad ao far* flia 
dituntal vaviatiaR ia foand to ta amit doninant in aonpaviaon 
to at!iay tifo aampenanta of tlia daily Tariaition* 9lia eo«ttvvanoa 
of aaaii^tumail Yayiatian liaa a^«R oesfiMMd imali aazliav 
(Viaolaen and 8a3Nd»liai» 1940f l^liat and Dolbaavt 1991$ Rao 
and Samibliaif 19df) and ita aharaatasiatiaa Itava baan diaaaaaad 
)0 
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Fig. 1.4 - The power spectrum density rilstri-
"bution derived from the cosmic ray Intensity measure-
ment at Deep River is plotted against freqi^ encies 
(after Girgis et al., 1977). 
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«nA Qa«ijbgr» I968t fujil •%«!,» 1970| fim mi& hgtmnSit 1970)* 
(!»orl «t «l , t 1971 f iliiitifi^iA gni S l»^ , 1975)* Wfcui «iflj.1«©t 
1189 t>09B fyigwia in th« iit«i<ttti2r» tmm tint to tlis* (0«z«tb!iai 
ftnd HtxQxicaVf 1956$ l^xoaut 1957t 1963| Sam&tftrfmt 1965$ 
Poc»i«int8 «!tft Tiafssstlg 19711 HaOt 1978). 
StmMMmXttMJJMImt 
fmm an •xt«iuiiT« «na systwaatio amOysiB of gsramid basafl 
n«tttron monitor o^99rre^imB$ R«o «t la, (1963) aM e^e»Rdkan 
«ad Bao (1965) hmm tthmm that tha «v»rei9ft ditivnai aniaotvopy 
&^(n)/S(%) of ooaaia vay itstaoaity o%Minraft at valaftiYiatio 
^nmvfM^ (^ 1 ^A )^ nior t}« asrpsaaaad %gr 
^§||^ • A H^  <;oa(^  - ^^) CoaA for a < 1 ^ 1 
I «•• 1#17 
• 0 fw a > \ ^ I 
wliaxa S ia ttia vigiail^ maaatwaa in ^ » A ia a aoBatant aqraiki 
to (0.18 • 0.06) X tlT®, p - 0, '^ f ^ • (89 • 1.6)* fii«aits«A 
aiiti»alatfndaa f»a« tha naoiMsaviiiMti a»a A ia tlia daatiBatiOB» 
n^^ ia tlia mupa* aotaff viffiAity liaraaa i « i i ^ tlia iimznal 
i^ia«tvo«iy iaaa not axiat ana ia ua&ally of tha asAair of 
100 dr. Z» athay «arAa» '^M arava^a aittmal aniaatvofigr of 
- 12 • 
<i) turn m t in t ltmafi9epA «npll^a« An wpwBm tit 0«ie ^ 0»C3e^ t 
( i i ) i t zigiflitar ind«p«iidt*is% in %tm Hg id i t r v«iig« 1*100 GTi 
< i i i ) hM A ffi«3d]Biaa fins i»eiai«is% f^ poii 89^ 1 1 * ^ ^ ^fttt of 
th« atiii«»lflx«lh l i n t * tbftt in 1800 1ioa» loeal t i n * | mA 
itf) T«ri«e as omiiiie of aMUaadios, 
f liiwi ohoariMittxlstids of tito Oiiivnai ••xlction has boon 
doi^vtd t»3r iMiiRg tlw T«il«lio8«i ooofftoi«iit« (Kao ot «3L»» 
1963) ^^hloli inolueto paifliolos of vigiditios itpto 900 (^ 
talionaii oaioaltttion of tlio aiitvn«3L irairiiftion of ooisnio iracf 
itttonoity tiao i^oo %««n p««fef»oA lir tamtoliiiia ot «!« (1961), 
Hm^ovor, 7»ii3El;«3f (1964) saA IbefovA (1969b) hew^ o thooi*otioail3r 
pxttAiotoA tho tesplilniAo of %\m Ainxnal, TariatioB ^ 0*6 % 
instaaA of ^ 0,4 ^ a« oibaoyraA oxfttriiMintally* fhia eontro* 
iramy tiaa involcoA lar f * wfiA fn)o'b80X'<roA poifponAiiRilitif groAionta 
(Paikoiff 1964i Aacfoz*Af 19651>| Olooaont 19^9) ov a algnifioiint 
vanAon walk oonttilmtioa to tv«n«<ra»ia A i f l^ ion {%^ (^^Iciyii 
anA faiilcar, 1969). Howavaifi Sutwawanian ( I9na) eonalAaring 
B i^,^  ;^ 90 tT hM aatinalaA ttw affaot of anail %nt oarlain 
owMiaatiTa oxvora tfiat aliaixlA Da oonaiAavaA a»A tern wf^ ioli 
ha ooaalviail that tha ol»aaxvaA aa^litnAo tmf Baap Ritair 
sautxott aonitair Aaiing «aat of tha parioAa* ia in xaaaonii^ lar 
gooA agyaaaant with tha tp^litoAa ^ 0,6 ^ an^aataA f n » 
*» 55 • 
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1% WOT lM ««iitioii«a HAM tliKl «eii»id«nibXft A<r«l«iion» 
f^ rsR th« cv«»i9i piotitxv •jcUitt In tNith Mplitnd* and pluMM 
•f til* aiuxnal. «iii«0tvoigr oft « Aierwii)-»Air %Mit« A tigui* 
jtitant ftmstioB «f aciars i » •MII 3r««if itof* •itii«3f «9]}iit«ta«« 
iBtt«lt Mi^if O 0.6 ^ ) tlum f««fli<it»A t^ the th«os3r tm ^fimm 
•igBifi««iit3y aiffi»x«nt firm t!)« 1800 Hon? fllsMtioiu fh«M 
%vmmim^ T^pi^iioiit in tut diuim«X snisetvopf 1i«r« ^MH 
•l^lttlJWd t o « leSIP •3Etlii!St 1^ 1lt|t)^ t i l t M9WSIllSi<lflMSif:f^9l.OII 
thcosy (BMfhIffl at «!, y 1972t R«o at al, « 197S| iiitfitli «t al* , 
1t74| Kant, 1974), 
fb« iraarlgr ncim Aitixmil wi^litmda snA phMt as* fmmA 
te ^a p»««tia«3.1jr ooaataat Aoviiig tha pavlod 1957«70 (^ laOapa^ eaii 
ana Raa» 19<5f ?all«» ana f!a»i««if I965| Baat 1972)t axaapt 
fay tlia aRiU tlioni^ aignifieant aaavaaaa In naplitisaa in tlia 
yaava af %\m tt&nimui aetair aativity (isagfal at ai« # 19IS7)* 
Tlia Maa anplitaaa of t\m atumatl vaspiatiaii of tha mtalaenia 
aaapancnt IB 19(5 for vxmtpXm ymmc^wX laaa than i» 1950* 
flia Aaasaaaa in aittmaSl iPi^ Xttttaa in 19^ ia nov unaaxatoat 
aa ana to a aigniflaaat xaaitatiatt af tlia veirptw autaff v i i^ai^ 
^%aai^ * ^^ ^ tthaiisa of l^^ hm %aaii inraatlgataa iDgr a lavga 
aMn%av af vailraya (Rao at aS.» t 19^5)* 1^ aii)« tha satio af 
atemal vaataM «!toay?aa at iiaittyoii ana anaaxigffaiiiia «aaaii 
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UiiBg tlnJlav »«t)iddg ft wniber of fsithoiw (Agnorftl ot « i , , 
1972) hem wmeHvLUS. t!ia^ I^ ^^ ^ < 100 @7 ssA wmtimt «itli ooter 
ogroiot gitiiitit ft lowtftt vftltto of ^ 40 to 90 ^ Umpism milm 
mifiSmm mA m Mgluot Yftluo of rv loo ^ aiirtng ooloif maxliiiin, 
FvoB tlso xlgoTOUo anoljriift of loii»oh0i^ l»or «&d aooos 
moaitos* Ai^ ft* fox^ ctftli (1967 § 1969) ooiK^Ooi theft tlio ofovago 
ditisnail. Tftsriicllon lo oomposoft of tve diotinot eoRpoaontft w and 
T« f ho oor^onont w haft ito mftx^ oo^  Cov wS,nSMm) in tho dlsoo<» 
tioa 188** Hftit of tbft daiM i^aeth lixm» utiiOh to raoi^a^ t!ift 
s9*orago X« ,^f» AixootioB* and forioo oimaoiAflillsr «itb ft posfio* 
aioity of SO areasm gnA f ftftooo ttivcmgh ito wmto wiplitttdo i ^ n 
tho 8011*0 pol«9^ aagnotio ftoH lo fWftmoA (Tot^uoht 1975)* 
$lio othor otM9poiio»t T has ito n«zi»ia OXoat 90^ l«ot of tlio 
8ii]i»Sft3rth liito mA mmU^a with oolior •otivi'^f olioifitHi o 
flolar ior l^* dopoaAoiioo* Hio opootral mitwrn of hoth tho OORI>O-> 
Bonto flooHo to ho alUco immtj thoy avo hoth mmvgy iaAopoaioiit 
(BoM^ ot ft!.*, 1970V 
f^ irtuoh 006 Toidtailoooii (1960) oamioA out a irigevooo 
otftliotioal ftiiftlyoio tfhiili xovoaloA thai oigBifiea»l vavidioao 
hoth in tho «iplita6o ani yhaoo of tho tiunua aniootyofr 
oooftnrot 6ttviii« tho ipovioA 1997«99* Vvovthooi^t tho nofttvon 
aonltoy vooolto for tho fOirioA 1997*70 hitfo not inAioatoA anr 
oiiBifioaat ioMff tom ilh«ii«oo in tho itiunial aniootMipr of 
oooRio yoAialioOf tho i^ ooi<rattoMi tiNm othov Aotootovo 
wt 55 *• 
to y«ar C^ N^eSiil • t •^ « § 1970)* V<»x«a'v»v* ths vtMRt otittx^ 
ftm fMfutxKm taonitov ottMtw&tiofis i« i ^ in<r«rl«Rt fst^ on 1971 
(Agvowal «Ba i33«Btht 19?7>* Hm^ «v^ t7t tluiSar d«t«il«a ehasta^ 
t#si0tie9 aasa <KicirlfKn«lioxai h«m not t>««a |>xt)ivi4*a« f!i«fttf(xp»t 
'btthBorimr of tlw dit»n«i «»d ••ai'^aittsnaa tadtiGtvesif aiapiDg 
tlie peviod 1957*76 on ma&x&tt^tSL'iy qui«t« nagnttio wttasm 
ifitli « vitw to fina tiMisf dotnlloa olia»i«t«yi«%le» «Qa th»iy 
pligrwioal siiBifloimoo «itli p08»£blo •acplana^ iOTtB* 
In tlii vtotttt p«8t» t!ii cvocwgo %oli«rioiiup of tbo aaily 
•«si«lioa of ootoio 3MQrs i s fftixHy v t l l tniaoivteoa* Howtvoy* 
1» ootttMtt to tho m9mm pvoptrtios* ttw wnSLmm^mnitim of 
tlio ohovt torn aoanXotion of aiusnol mSi ooMl^ aiianuCL Knioe*-
tMf to« o»a tilt l«vgo rmdtB&ilitf c^oortoa on « a«3Hto*aaQr 
liMiiOt iM«li to OMtntioillar otfiooa Igr oignifioaHl inxii^ioni 
ia t ^ oioo>tawi#nitio fvopovlioo of tlio iiitoyyIiiMtoaqr 
•oiiwi* iM volatiftljr iroir Xooo. SovomO. iwptotiiitoys (Hoo 
ma S«Ml^ tiai» 19il« t9a4t t«loX ot •!•« 196i| P^oMoyontt ana 
I* ^Jo 
^m^» 19711 Kiio> 1972) htm 9h«m that t>otli th* «g^UlKifl« 
unft i^ msf of %\m ^iiamaSL mA ««iti«<Aiiitii«l ir««toi!« v^taegr em^l* 
Aimiibtjr «» m de^MiiHfli^ ' %ssi9* file fiii«t««!lloii is l^ otli ditonudi 
SUA •«ni«»aittaffi«X •<iiiQ»«n»iit» i« f•» advt than thiet mcimettA twm 
m «t« i^8tiiMdL bvtwfiQny* ftifttuii'* i t is a!!*!) fttvn thsA tim 
yasiflibilitsr iu t!i» mKplita&t and t!»» i^a«t of tlHi 8«ai«^imi«l 
aoQ^osont. 0«raliltti a»A B&hvmmlts& (19^5) wnA P«lol ot «l* 
(l96B)t using th« nttliod 0i rtoAa^iomki mmtfi9Umt <^ «o t t •!«« 
19€7)» hgmi ffeurtHev slioim the^ t!i« ssitze^ r spsotfun of dinmal 
az^ ooifti-ditixBal variaticm on a d«3F^ o»A«gr tinsio shows tsris 
ira3?is!bilit3r £i?o» its «rti«fi^ iraXns «v»n dcufiniot i!«latiir«ly 
fl^ot fexdoA •«§*> 19€4»i?« fhtvsfoxty t!i« lamp 'raaediilbitit:^  
in tlio 8pootif«a olissnMrtsvistios «na tlw fhass aaor not h% 
imd«»itood( in t«i<»s of ooiwttttion thooir slontu 
IHiriag gionstsnotio stoxm aof^* the ohasmotoifisties of tho 
ainxvisOl mBinatvopy is usuallr ohmm^m nmrnwrnvi no fpnsirail 
Mlstionship hetiMi«i tho intssnsitar tssA tht n«tns>s of ths 
stom has t»osn ostaihliihsd so far* fhovs hgcfs %ssn seas 
sspoi^ thsl ths aqplitads sf ths Aiumai viviation insysasss 
SUA ths yhass shifts to sailisv honvs dmdng ths iwxioi sf 
iSSBspistis stsMM CSsleids arid toshiist 1990t Toshibat 1995f 
Psimtfiy 1997* 19€!lt tsmllcaiisnt 19i8)* Homvoirf thsss ssnstn^ 
sions hsfs not hss» sayi^ svtsa hgr sthsss (OvsifAstt ani MavsAsa» 
19itt KtfMf 19ttl)« Wtfiy^  wsilrsM hanrs sonfixMA an ini t ia l 
m Sf m 
Siiii->B«3n!i l int ftaring t1i« mm% #f Foi%iigh ^•IVOM* flM 
anlf«lvoi>7 tciMtlata also d«v«iopi ••«» ^f«f« fh» «iii«t of 
th« ttiAAtn «onMiia«Miit (Dentoii t t lii.» 1999| A3bl«s •% •!•« 
f¥eOa?aaae«ii (19^) hm ti^aliMia tlit <ilbMi*ir«a laltiidL fisiftd** 
tropgr 88 I^B» to tlM sipmliiig of t!t« isMS" rtgion of pl»ffs« 
oXoiiA OBdlttofl fpcRS tli9 ^m oon«ftliixii|lt ^ o^ olbsojEfvoA oootsio inor 
istonoity tfliieli lioooRito ooooool^Io to AotootofO loolciaii oiloiii 
tliio di3?«otioii« KooostlsTt l'4»A||voii (1970) «Bd HflsAaB a!Ba 
SotuOI^ ioeQeov (1971) ^mm olioifii th«t tlio S7*ftiQr toooneoixl 
foa^tfi aooMoioo la tluiir sooovmesr I^IMM OVO nwuillar oooooitttoA 
iflth otdioiiooft Alvunsid^  oi^litu^o wltli tho AiiiMotloti of naizlbni 
tn %\m 9 •* f 0 Itoiur dlxootioii* 
f 1M oooiuffioiioo of tTtAsm of oonoooutivo Aoars hcring 
tStsmwrntUlf hie^ ai^ unsaii MsplituAi (> 0«$ ^ ) tdLtli tbo pliooo 
ohifl towazAo i«loir lioiuni (A/21 konv) %$em %ooii soi^ ovloA %gp 
KadlMifO ot €k. (I9i9> ona Hoohls osA fhnrtarol^iUoi <19<9) 
^oHi AoyiDf ^ i o t •• wolt 00 iiotttflNtA Afljrot ^^ liooo cntliovo 
liiKVo ohoMi tluit tlioao warn oastood lisr o tovio aooxoaso of tlio 
ooffiio vagr intoiioity laong tlio fwpfton^ hooo Aisootion vi^lioy 
than tho otvaa»i«g wlvn^ %\m o»ti|weto»»tiooo AiiooliOB« fho 
9ooti%to oxIotoiMO of oifdco i» tlio gavAon-^ liooo aivaotion wao 
iBfifvoa mail oa>llov V ^ ^ «"& s«valbhoi (19<4)» fros tho 
otaajr of tlM iliityt%tttioii of tl«o of aasiao onA nialao of tlio 
Aoilir Toviatiott. Howofo»« t* ooy%oi» oaooa» tHo Aivvnail 
• ! » • 
rwtitAiem hm i ts t toi 9f maatimm tXmm tlM SttvA«ii<^ ««« Aismo* 
iiottf !,•«# 09 htmr (BMftaait tuft j|^ ««l3e!i«aiqur» 19711 197S| 
B«n«X3di«4]E«3Pt 1974). ^Hit i« fflm^ to IHMNIF lioth atufing tint 
mwfvy ph«M of fox%aih a««i«a80« at wtll m Aoviag foiot 
povioas mH ttSQsllsr lias S7«da3r vooovzwst tenAoiMor* ^ « 3j»iO 
«i9DlituAo ditmial %rBVo tTmlns stuaiod ^ 3)a«sa3. ABd toiMiiraRts 
(1962) sliowoA a srttoiiuxtio ss!tl*«lo«lnfi8« aliift ts ttm (UivamaX 
anisotroi^ fosf/v 8 Ators* Tho dittrRal ptiaso sMft to«««vd« 
latov Ii«m3r» (^31 hiyiijni) nmtmH W t&htiiooa mM$ak graftionts 
la atadiad %cr Hao «t tH^^ {197S)* Wm^^igim tyaina of Aagrs 
mth mgU^hls ffsall ditunua acspUtaaas aM idao found to 
ooaoap (i^ |va»rat2# 1979)* 
l^ oantl^ Tf a isiNbo:? of infoatigatosa h«m laaAa «n itltanpt 
to alioir tha asoooiaflion of tha Aitumil. anisotfO]^ 9m InOi* 
•iftaaai daya or eraiqMi of aiqra witli Z«w,?« aoQto:p atsno^txa* 
A novthHioiith e!*aiAio»t In tha oosnio nor intanslty* intanaitsr 
inevtaolDg aoothwava i«o« # %aloir tha a^atozial fttm of tha 
Sun (Baiieav ana Hatton* I970t 19nt Sahxwsaniaiii 1971h» HanSiln 
•»a Ba]?«oritah» 197S) la aoauaaa to axlat ao that tha aivwnia 
attplltiiaa la axpaotaa to ha laifgav aaa phaao ahlflaa to aartloy 
hffiva fav poaltl<va l«l^ *7» aivaation imnff twm tha 9m) in 
aanpaylaoB to ftaaro havlni aagatlira polaxltar X«H»f«(towaraa 
tha ftaitt). I t has \t9mk ahowB that aaviiMr Xras»l pa^ioa tha itro 
of aohaiMaa Aiavaal. Tavlalioa mf «ihaoziraa aosnaapoiiaiiic to 
tha aaatom poltttlag wmr trm tha 9m (Patal at al»» 19(8| 
» ?9 • 
••iflridtsfln wA Mg|hti»«, 19<58| ityftty 101A ''•HoWi 19'^)i ©onfliwi-
ins **» fibinm ©fffot^ 1?«i»»w3Pf ftms ttmm ®t»«»wti«aai '^IBII^I* 
ptv]^ «BAi(mlar to «oUptl« pl«M« l»i«^ 5»5 IT*^** ? / Atr, 
^lieh aifftof ^0t1i in raagnltoa© a»« »i??iaity 6tp»»iftfte« fs?m 
ttm s«fiiai gsa^l«nt, *•%«» th« «««Qit8 «>f t l# ditiiinat T«pt4itl«m 
%BM ^••n foiii}ft tbftt wliile tfw ot>««sveA Aiusin^ «a;»littiA« miA 
p%m& tot 19^ «»« aoa«i«t«itt ultli tlm ««3fai«» f t M l n ^ t t l» 
recmlts tot i^9 ore efm»o«ite t , « , t for tht poiitire -polnsity 
Says the aBi|i3litiia« ie wmll «M |>fe«»« »^ifft8 to 1.iit«i? tsfswm. 
ffj<i <ii!«»80tdvi8tio« Of tlio ^vivmSL miMe^vfmf ^^^^^ fl^«o 
'&Q«!» eii8ooi«t9d with ipoem^^tie eofiditioiia (Bticifto et id.» 
195^1 BemS-wttm^ 1955f I965)» Jt IIIIK I IWI I sliewa f*^ im tli#«9 
early staAles tbat tiMi ptiaiHi of tho aitunoiil. oisiootMin^ oMfto 
to oox i^ox* hmrm %Ath Imammiw, ipomogiiotio ootiTltsr* ^hofo* 
fovOf wHoiMVfoiP tlio fstmam^tlG fiolA •wHURti^ inaiooo e««l*» 
K^  ov iC wiH %o hi0kf %tm t int of staxtimss n i l i l>o oof^iov 
• • ooHpovH to mmr9m vmltit* rmplliort th« aitismii «ni»lit«tAo 
was ohown to inovtaoo with inoxit^iiiii gooangnotio notivitrt 
tli«Mili thlo in not tfuft for oil tbo «t«lioiio ovon for tho 
•mm povioA* f Iw onoiaroio hoo 1s«t» oirtonAoA ^ tlui «tt1i«r 
to fitta* i f inr oo»oi«lioa ibotiiooat Ap « ^ oxisto ooA 
tlMvooflor 03Miiao ttio tooalto wit^ thooo xoperlod «l»ovo» 
f hio io ooaontiil to oi^oia mA/^e to wiftovotoiMI t in loot 
tone «liiim»i in tho Atoffna oniootve^* 
« 40« 
^•45 ?HtWftiH»ft IMHifto 
BxitiKNixig mA BttttMir ClS9#)t fMT t )^ tirwt ttm, pro* 
powiA thut %h» ditixnad vvvistitta of galMitio mmaio re^ m 
o^8txir»A Ijgr th« gtmeA hem(k iBstvnswntatiaii in due to «» 
oxttost of eosnio i*ar fXtxx inoldoiit l^ nm tim 1800 tiot»* XooaX 
asysq^otio tifflo. fhoy pointod otxt tlial: t M i^ i» t le ootmio 
vers to tho '•ioiBit? of tlio San ooi^ otstoo vltb tbo fstm, mW! 
p3?oauoin£$ an inoMiim in tlio ooffRie rasr istonsit^r in a dixoo^ 
tio» opposito to tho a^xtl& s^ ox%itai isotion* A ra^id 'progsMmM 
In oacploriiig tfeo osnso «Bd fseebariffis of t!io aitunifiil imiootroii^ 
ootaia tNi isftAo ottlsr oftasf tbo aiseoirozjr <»^  tlio solaz' wifiA (solar 
ooTfRBsoaliOf atioffi) %r i^ «iie«r <19$ea) anA ito intoifiiotioit with 
tho I,H»7* Stavting tiitli tbo oonoopt t int tho oolav inoipMtio 
fioia is tifiotoA into an Avoliiintlloa «piyal» «liio!) on tho 
a!Voyago» oosotatoa irith tho Bvm (l*az^ «x*» 1956a) t i^lmntlia 
and Btsalair (19^) ps*opofad a wimlw woUml to «X|»tai!i tlia 
waiaia %9lmwimaf af tlia diimuil ani«ol«tq^» aoaovdiiiff to YMOII 
tha Aimfiil tfiioatroi^ ia doa to thoaa ao«!^ a vtcr pavtialaa 
thad Atllar a» partially tilra part ia tha oorotation nation of 
tha aalar Minotio fialft, Wmm m aleOnnnition of tha nadal 
thar ^padiataa that 
( i ) tha aoaraa of tha diarma •ariatian liaa in tha aoliptia 
plana and tha diusnal atniaotreior ia anaxsr indapandank (p • 0)f 
<ii) aU partialaa ^Am» ri«iditgr ia halow an appo* aatoff 
rigiditr ( \ „ c ^ 1 # e ^ ) tuMane diavaal •ariatioaf 
IM» 4 f ** 
<ntl«v to tho l»M«f, aivtetlont tgA 
(1-r) t!io (wrpUtado «iA tlio Aivootion of tbo aiitmaa. caioo-
tvopy i s a otvoBg ftenotion of oolox* %d»ft volooitsr* 
i%«zoo« tlio fivot tvo ptoAiotiono noseo In oifoommt nitli 
tho Qibooiffod ohanotosiotioo of thm tcmwm divmo}. TosdjKliont 
tlio o'biox'voa divootion oxtd tlio wplltudo of oniMtyoi?' Aid 
not aiszoo with tboei<otiOi^ |»ioaiotio»o (Bo««oHte1i# 19S3| Boo 
@t «3L« , 1969f Sigrdov ot o3.« » 1969)« 
At tho emm tiam $%mm (i9€4) z«iooA • flmdifiootol c^^oo* 
tioit that in m Mi^ iasr ooadaotiiig isiooMi an olootvio H^M 
indoooA ^ tlio apolotiiro Roti«« ^twoon tlio OOHOIP miiiiotio fiolA 
ima tho Bcvth K w *• I B OOR OXiot HlWXO t C «»i^ V Sine* 00 
ohoMi in Fi|pxo«1«9) i s tho Yolooitr of ooXov auMpiotio fiold 
linoo xolatiiro to on ohooinrov on Boxth o»d B io tho ool«7 m^s^ 
notio fiolA otvoagth at a holiooontvio diotanoo 9 firan t ^ SQ»« 
?09 a Wi«iBotio fiolA vhioh io oadoymotvio ovonaA tho ooiiot 
v x 1 « *si/At'^0« mA tho olootirio fiolA i«iU ho oonoowatiipo. 
AooovAing to Zdoiivillo^o thoosoa* tho ooomio vagr Aoaoity io 
pjpooojBfoA in aojr oooooyfativo ojoton CXosaitio aoA Valilavta* 
f99f| SNfwnii 1f99)f thno i f tho ooonio ngr intonoity io 9mm 
in oi l tho AixootioBO at angr yoint ontoiAo tho oolar iQrotis thon 
i t Moot ho 00 at aiqr aoooooihlo point inoiAo tho oolay or«toa» 
fho olootvio fiolA 1 in t««n pyoAnooo a Aonoitjr ftvoAiont iMA 
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tlM 9i%fmdxm pvodnMA %gr this Atntity craiimit will «xn«%l3r 
«aisMfl th« •tvotning pvoAswA tif tlii «l«otvie 9xitt «nA no 
tiBNi iiiAt|Mnia«zrl maiMtlf fitlA «8n pv9dtt99 an ttiisotso!^ 
«a«h ss ditixnal amisotvepj in t1i« sel^ i^p mar«to»« 
In OTdti? to onrorooM this diffieulty lP«xlc«r (1964) «Qgg»»» 
t«d thct tlt« ii*Bumpti<iii df fi«ldc in ill* intei^ plaiMrliaT spmoft 
tming ecsm^vn^lf SM not eon^lotoly oovr»0t» thact i s (^/i^t> 
}l 0 moA tn fmB% mm m&y oi^ot a lavffo i»NlKiSf of tmikl «oal« 
isawisalsritlts to %o ^rtsont Is tbo nagnotio fiold ^fbXeh ox« 
eonvoetofl oat along with tho aolar vinA, fho oeatterin^ of 
paxtioloa 1>y thosa irvagnlaritiea wipmt out a isador po:ftioii of 
tlio porpa»aiaiil^r danaitjr pwSiaiit aateibliatiad tyy t!ia alaotifio 
f iald B aisA tlM flanaity gvaAiast doaa not oaneal tlia alaatrio 
dvifl pro^oaad tiy iUilttwalia mS. Saaalaif (1962)« iwaalting in 
a sat stfmixm of oeinia imjr i^avtialaa in t!ia intas^plaaataxy 
!8aAiii»« Vhila ?az9cav (1964) aaatmeA ttia pvaaanaa of inraira* 
laritiaa ^•rmA tHa ax^it af tlia ^aftl&t AicfOvd (1965a) aaansiag 
tlia piraaaaaa af aaattaifisi oantzao ofai* tha aatixa »aaalali«g 
yagiaa anfi^ aA at tha awa aanolttaiaii* 'Shm haaie aaaonptiena 
ara aa f allawa 
(i) tha l.w*>, ia iittita xagnlap aaroaa tha oiftilt of tha 
3ayth» 9» that tha partialaa ara aonatrainad to aoira along 
tha linaa 9t favaa 9t tha ipiiazal wpiv^k fiaia* that ia tha 
diff^aioB yazpaadiiwlar ta tha Kagnatio fiald linaa ia nag* 
liftihla ( I „ » tji 
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(11) tiMrt 9X9 8ttfflel«Bt IxMignlai^^lM In %h§ ttafiMitl* 
fl«ld li«3ro»A th9 oi<l>lt of tts« l«ifl!t to «li)» oat ttoot of tlit 
dosel^ ^rsAlimt predaoeft Is tbo ii^oeilBg i»a»tl«dl09 %ir tlio 
•lootvio fitl«« tliat Is tlMzfO io no Aowitr i^ raiftloiit iitxiMifi^  
dleolar to tlie ooll!otlo ploao W'0/f,T)^^O)i «Ba 
( l U ) t))ftso lo too »«t eBOifil stxoaisliig of ooffslo Tagr 
Pf!?tieldB in tim mlUof ojfstff)* tfuit io Ban i s mltttos? o oooroo 
nov a eifiik of ^onlo nors* 
tTador tboso eoi«Sltloiio tlio eoaalo v@or favtloloo tisAox^ 
Q rif^a oosotatioa «lt)t tho Stm «»a will glTO siso to m not 
otso€8!!iiii@ In the asSnatliaa. Sixootion «nA tliio Fi#^ A ooi*ot»» 
tion of ooonlo vajr p«]?tiol«8 In tho intoi^ Xonotoiiar mdiim 
l0 tho osigin of ainsnol T03piotlon* ?ho iK9plit«iAo of tho 
ovevago dlnznaa or oorotatlcmol omlootroisr produood «t loor 
(liotsnoo *y* fs^m tho Snn to givon \^ (Oonpton ond dotting t 
1955) 
^ o "^"** «•• 1.18 
wnOSO 0«» • • • ' • • • • ** • • • • » • 1 * * 9 
«iiA T^ «ilyt i« tho oovotcklonol otrowlni iroloollv* T lo 
tho poftlolo mlooitr OBA^ lo tho ongHlov vototion 'tolooltjr 
of tho Sua (•• tfiown In VlinmM*5)» tap porlloloo of onox^r 
>/ 1 9oT <ir^ •» tho Tolooltr 0^ H^st) ona at tho oi%lt of tho 
Soarth (F • im) mum T ^ ^ 400 taw/ooo* Y« 2«<5 f«» tho 
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•ola» ninimai ptifioA« t}m «9«ottA wgpU%ttAi «f tilt Aiuniil 
tBCA^OtTOpTf ^ VWSia tw ^ 0«6 1^ * I t i s SMB t h a t t b * tlWOX^ 
t iv is t ie •iwvgitts vith th* phaso at aztranft tSOO feeiaxv leoal 
ti^» (90^ ©f tlw Smi"B«rlb li»») asfl ao iriptttwAtA^ 0#fi ?• 
t?lioiigh the th0ov»ti«at pMAlotlons «tx« found to ht in gooA 
fVIMtllMKBt mitlt th© 0"5?|Miril!«W!tlllly ©%WBPWI# Cftsm^t ^itljflllll 
•aslatien oh«r»ot»ri«tio8 (ff^»Mikt» and Hao» 19^ | Raot 1972) t 
th9 f^mrmA wmms* Atuxnal «»p>Xitiiaa<p;^ *4 ^ WB0 f^nA laaa 
by A/90 H QKOBixm aolav isiaifraa} and ^ 90 ^ anring solpir tsaaciiiiin! 
oos^ aspaA to tha thaovatioaHly px^diataa «9|>litaaa* 
^axlctr (19^7) and tTdteipii said fsOmv (t967) aaggaatad that 
tba diaoyopanflor in tha ahaaxirad and oalcfalatad diurnal anpli* 
tuda m$sr ha sttvihatad to a flnita diffoaion aoaffiaiant 
pafpandiaolfir to tha ma^Mtia fiald (f^ |l 0)» A vaduatien 
in tha ohaawad diuxnail «q»litiida stay ha fi'oduaad i ^ n 
( i ) Kj^  ia vaxgr anaill hayond tha efhit af tha "^axth, that 
iat tha iM«Batia flalA ia rwws^ anaath thx««iff!hoat tha imdulating 
zagiant thavafavat tha aaania nor danaity cradianta pavpandiaaXav 
ta tha adJliytia plana ava aat aanplataly wipad off and tha 
pa^ptial MvtMOiaalian af aemia nor gmiAianta paxpandianlav to 
tha aaliylia plana will ladaaa tha ditunal wplituda, A typiaal 
irama af X^Ai\ ^fcT^ Car aava) hayaad tha ai^it ^t tha lavlh 
•ay ha an aida» af sagnitttda, ta aaaaont far tha zaiaaliatt i» 
"^^ "V^Gr ^^^ 
psotoiui (Rao t t al . t 19*7) wiflr ^ txplAiiMiA i f C[iAi| ) ^ f 
a1 low «ii«rgit8 da* to t!it ssnAon wiBe oi* !M«iia«ri«ig df f l t ld 
lines «nA «siaathal «tvttfii»t s^ th«M «Mrgi«8 is fotmA to t»# 
Almost esvo (^Okipii sua PsxAcsr* 1969)* 
With A oaxwitil analarsis of tho oxtva^Ktaosphorio fa«tex« 
affsoti&g tho «Qisotxoigr otiooxvaA ^ th» rmv^mm mmitwmt 
SnbMimsniflB (I97tft) oonolnatA that i f ana aUonaBOo is naaa to 
tha foixv 0»i!Rilatiir« afitots nhioh inaludaa tha vam of vavlilbla 
Y<the esj^ poaant of the anaxgf spaotvua of tha pvimaxgr Sttftiation) 
vsmlm f^ eoii 1«$ to ^«$ aoxveapoMlBg to xdgiaitar vmm 3 to 
f$ dtf and tha tioznalitttftioii af tha Taxlettion^ eooffioient at 
BKioh hig^av vigiaity than 500 O?* than anring aolaar iBipdi9i» tha 
ohsavvaa atavaga aiiumia «aplittiaa is in good agrsenent with 
%h§ thaoswtiaally oipootaa Miplitnao indiaading that tha tanma-
Tama aiflUaion meet ^arth (Kj^ ) la naniligihls at valatiTiatia 
aaavf^aa* Sash a oenalnsion is aaaentiilly in agvosntnt with 
that ohtainaa %y tilaOyaiScan at al» ( t9^t 1971) f^ raa tha low 
anaxfcr flaxa partiala ehasxratiena* 
I t mur ha santianaa that aeeaiatrdhla aariaticHsa f^ rea tha 
avavage piataxa aaciata in both •aplitnaa ana phaso of tha 
aiuynal aniaatyopar on a air-ta*aaar hasia. A aignifioanl fra*-
tiott of aiors in aaah yaasp hars either aMplitnaas ouah highsr 
(> 0.6 yj I^ M^W pxaAiataa 1^ the thao«r or phase aignifiaantljr 
aifftsent Araa tha IdOO haiiy (aavetatianal) aiyaatian» heth ^ 
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irtii«1i ttflii not %• txplftiiitA witli tli« •inrtlt tfi«oxr of 0fir9ta:li«a» 
f hl» caggeats tliad th« t»Mii« aMRia i^eiui liilMivtiil in tlui 
•xplnnation foip th« gpw moTfs^ tHihwrioity 9f tiM Aitixnal 
•ia?i«lieB« fh«r»fovt« th» short t«zn imd aagMio-Aior i^i*i«lion« 
of dltisval tftisotropy hacvo to t>9 uBfltrotood i s texvio of e%tm* 
ing olootyeieai&otio partfMiters of tho iiit«3?pl«»tf»]7 nefiiira* 
* 
7o3E> a ophoviotilly ^pnotrio ojretOR* stuxtisi; « i ^ ttio 
roIatiTiotio iBolttmm t^dvtnagnotio o<|a«tioiit (^ looson (1969) 
obtalnod a gti»3»kl mepumml&a for ttio diffttvontiaSt «iii*xont 
donaity S of ooanie vest i^oitielei in pvaaonoo of fnagnttio fioM 
I ana oXootrio fiolA B, as follows 
1 •Tf t •>|^ *' -^  * 
ifhavo 
anA tl i s tiMi aifftvsntial isaltmx Aonsity of oowio vtr farliolaSf 
y is tba 99ilaat winfl imlooitTt'^*^'^^* 93/m i s tha p»otoa 
isrvo-fkafssniort ^ is tho avavaga tiisa iNitifaas tlia aollisioast 
K m ^/3 is tha iaolyapio diffusion aoaffiaioitl iihiah in tlia 
pvasaaoa of nagnatia fialA B lias oMponants S/j • X ani Kj^  • 
X/(1 •^'}» • is tha pavlislo folooity anA 0(v, 1) i s tlia 
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OoiiB|?ton* t^tlng factoid gXfn by Bqa«tlo!)--1.9 ev 1«t9« 3)ti« to 
hi0i tXtotrieal oondaetiTity of solar wind plasna* tht aa^notlo 
fiold i i s eonrtotod along iflth i t > ifhioh indaoas an alaotrio 
fiald E »-y X B. Shairafoya, tha Bquatio»»1,21 nay t>a axprassad 
in tezRs of alaotrio flald I (Foman and Qlaason, 1970| 1975) 
as follows 
• COCMj^) ••* 1.25 
B 
^ile in toras of solar wind Toloeity, 
S . CDf - Kl^Y ^ (|2)^  - a l ^ (g X |) ... 1.24 
la Bguation-I *25, tha oosraotira taxis 00V|| is parallal to 
tha nagnatio fiald and tha oleetrio fiald drift S 3: B is dis-
playad aseplioitltar vhila E^atio»->1.24» eonhinas thaaa tifo tarms 
into a siBpla oonraotiYS flow of partiolas with tha solnr wind, 
CUT« fha othar two tazns rapraaant tha diffusiva and gradiant 
drift affaets, Tha ^<?ttations-1.23 and 1,24 ara Taotorially 
raprasantad in Figara*1,5« 
Xaaluding tha affaets of randoK walk of tha fiald linas 
on tha aosnia ray partialas (Jokipii and Fazlcar» 1969) tha 
modifiad atraaning aquation is giran hy 
AJTJ, A l i r a rh 
I / 
\^ 3U 8 
>-j^ 2 Br ^B 
Fig, 1.5 - The dlffereTTtial <mrrent deneity S 1« described 
in terms of its components. In (a) the electric field Is empha-
sised and in (h) the convective component CtJV, 
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8 . S, • K „ (§)„- tj^\- ^ ~ t (§ 11) ... 1.85 
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flMi BQiiifli0n»t»a5 phapsioally i!tt«i|»x«t« timet tli» i»t 
«tf*taRiiii of o««nt9 TVt pavtittSAii li» tli« iiitts|^liiii«ta37 sprnM 
itt esMBtiiilly dot to ( i ) tlio oQtrreotl«9i of p@a?tie3.« vsAiolly 
ems^ fitom tho Stm* ( i i ) tbo diffusion of ii^ptioloo poroSlol to 
tlio etogootio fiolAf ( i i i ) th$ atfftioion of postiOioo pexpondi^  
0Ql«r to tbo nognotio tiMtAt «3^ (^v) ^ ^ atirofiiaiBg pvodnooft ^ 
ttio donaitr gsraftionl pov|)«naiOQl«» to tBo ooSlftio plont* 
f)io otHMrvod Aiumia. Taxi«tioti ni^ r bo oMainoa trmk %%§ 
BQttotioa«1«S9 ^ t h tlio wiiiatiytioBO tfiat (o) tlio vofliol 
nottt io ooro (i*o«t % «* 0)f (^) tlio Aiffooion oooffioionl 
pOipOOAiOlidlOV to tlio VOPMltiO f i o i a i s BO^igiblO ( i * 0 * t Kj^ A^O)i 
•na (o) tlM tawmofotoo iproAioiit oonront is sovo (i*o,» At^ /Sv X 
1/1 ^ 0) (9oWaisnlsa» 1971ft)» Onaov fiioli oiyomBstonoos tlio 
sroAiol oonfooti'vo ooaponont 9^ * CQf is bslonooa hf tito imrsvA 
aifAisi'vo ifpoBomt t^^i$ll/$^w)|j sua sinoo tHo fioia li»oo oso 
iiioliBoa to tlio voaioi aisootion ^ m onglo "^ (govaoiiMliooo oaglo) 
losiiits in • sot sslan^isil stvooniaff givon %gr Offf tss 7ft iMoli 
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•fid gif* f l M to ft Aiuxaad «»i»<ytv(!p9r 4Siiwii tigr 
anieotrfn^ i« 1;^ o,« *>^  f«p « V A^  400 kao/mo a09«3f;^ 45 • 
Bt«9itll7« A tfotailoA 9tii^ (HoC»i«ae«B ot al«t 1968, 1971 f 
Ut& ot «a,t 19711 AlluB ot alvt 1974) of th« loi# oiwsfar solar 
pasftl^U olMMxra^ ions tuado oJUat^ tanocmaly at diffevost !Mlio~> 
X^gitttAos with viAtl^ r op&ooa Mmm9w «|>iiao*-«amfle fienro oloerS^' 
iiiaie«£lod tlitft the «8tiffiit1ia3. «fiifio%roigr «cl 9rmv^^a ^ 100 1%7 
Is (jQito tmgLi^lBliM m9, t!ia:fc tBo paxtiolo popiltttion i9 3jffgel3r 
aotoxmiiiod tsgp tho t»a3.ai!0o tmtwtoii vaAlal oonfootion aisi flold 
oliflROd aiffit«ioii« l^oDAIiii %hmm nxipnoiits to vola^iTistlo 
•norgloo (^  1 8oT)t ffoCJanirfttwi t t ol. (19^) fio«it«tt« t!i«t tho 
Aittxeal wiisotvopy- «i)iooyv«d la tlio goQliiotle oo«mi« mAl«tioii 
UNIT als* iMi imiowtooi MI « MOptxposlttott of olapto o<»nr98ti«ii 
•BA i&fflMii«B« thgl i« in tosBM of a alni^lo eonoopt of «» <wt» 
vovA miAiaa. ooavootioR aiii ImmgA ftolA iiinmiA Alfl^ion of 
oowio MiAl«lion« On «tt TSWPIJT mrnvtm ^Mii«» ttoing tho ooonio 
n r inloBollap dido ftpMi a nuilbov of noatmn nonitoving otatloM, 
tliio oiaplo ao^iaBioa i s tiiblo to oxplaia mwrntf^Vt ^ ^ 
olioofvoA Aluxnal •niaotyeiQr ^laffaotoviotloo, ftot1iosBo>o» this 
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irh«3»«s for mvt of th« d i ^ i f has l>«oii saggostofi t!i«t flio 
tnsunrosM diffteoion 1^A|)^0*2 io o^tvAtiv* «t tho oz^it of 
the B«»t!i (itointli ot tft., 19741 Aninth, 1975f 5^an», 1974, 1975), 
ftm tiaxRonio nmaytis of t ^ lonisso^ion ofearlbor data 
has ohowB tha oxlatanoo of a ««rl-^ti3pBal ClS-hoiijyly) wsfo 1« 
addition to tho diusnal (84~hoas*ly) ooe^oiioiit in the ooffisio ray 
in tena i^ Cflsit 1959f Kll iot mH Boltmart 1950t 1^1 )• i!oww»r, 
Alio to i ts poBsiMe «fe8oey»hei?io orlgiii, tbo extitifterpestrial 
natasa of the 8«iai««iti«sniil iPWfiaffcioB v?a« «ot f l te ly ©sti^lished 
t i n xooantly (B31iot| 1952| '^fiian» 1957| fei^mmn sBd tttflcataoaB 
19<S0)» ^ao and BasE^hai (1961) gava A sm^onAMa evidtnea for 
the axistanea of the sa i^^ diiixnaSL ^mv frmt the ohsarratioiui 
n i ^ 'bf east «nd %i6at pointing teleseopa inclined at the sane 
ani^e to aenith %maxa the Oh«B«as of ineteorologioal origin tsajr 
he oaaoelled to s f i rs t ^pp¥^»cinatien (BlUot and i^otht#all» 
199€), Wi(M»fe»t they eayvesasd same doaht as to ^ihether i t wm 
• f extvaelenestviad origin in view of their snspieion that» i t 
mii^t hiCfa arisen tee to the pvesenee of iar ie apiplitnde of 
seni«>diiifnal ipveswize mrve, whiOh naQr introduoe a pressnre 
indneed •aristiont the po9ae statistieal aosiira^ due to the lew 
eeonting rate ef the large Taritihility of the ohserved seni-
dittynal Tariaetien en m dagHte«iar hasis (%ao and Saribhai, 19€1| 
m $2 ^ 
KbleB «t al» (1965) ^f tSbte to gito tb« fliwt «oReituii*Pt 
ea^siBextteil «fiia«iio« for tho pvestne* of m signifioeiiifi iitni« 
diusttaai «»i($ot]«o|)9r ef eowaie stgrs, itith i t s mtadmm ailifRtA ia 
a aivootioa pespoi^OQlar to tli» di»«otio» of tiio J»r?*P. t 
1}eomao the mtf tootmioade for ot^ soa^ viuf; the fmoloonio ooifipofient« 
ooQ^ Xod %rith lnjiKeovaa pveofiQso reoordoro, fi?w© f5»atl3r redaooA 
the tmeostaiotiod in tliio tsutoorol^eai oo3*9pooti07)9* St^otrfaonl 
efiolyBio t^ ot!i0ff Iwmtgti^om (Samt 1966| Hayo «»« Ag^ wifalt 
1970) hero cot oalsr eoafiufiea th© oadstonoe of the o«i!ti-*diii3?«iii3. 
GBleots^uy tJttt h?xf!s olfio pstwiaofi it© dotailoa ahdvostoxdotiosi 
«hioh OB m emmt^s basis osor be 8tn!»a?i8oa «0 follo«« 
(1) fho wmn&m f^ evo opaoe ooisi-4lu»;»il applitoAo tw oovoio 
»ay foatioXoo h«» a • ia«o^ 0«11 jt O.OS 5f asuslag tho |>oi^ oa 
195(M970 ^ t h s l i#i t antfidfln vaxi«lio!i botiiooii 0,15 ^ 0«0!l in 
1963 to 0»06 jt 0.03 in 19i7 (AgMinii» 1979). fho tint of 
maOmm 1^^159* ^ o t of tho aiui»liarth lino (or «t 0506 hour 
£8S)t oaooatially povpoeAiMittr to tho diroetion of crovoft 
(t) fho mtaOMm eotoff figiditr «l>to iMeh soi!ii«^«mai 
•aviotion osdoto hao not boon ootimtoA wrif^ifUimilr* thfltt#i 
\ ^ « too iV atO" %o tho hoot ihoioo* horooA ^Mi^ ooapioto 
iootvo^ jpxoTail.0* 
(9) fho atiootvot^ gr io vigiaitj Aopondont vith a noaitiTO 
opaotral exponant of A; • 1«0t ao ooMpavoA to fy^ O.O fov tho 
•* 53 *• 
(4) tn oGBtvttst witli tilt Oo»^  <I«p«]ia«iia« #f tlie dinsma 
is the tmm as^tsptotlo laitittidft of Mrsto^ oM* 
'bGth MbTssmim m& Sar^liai (19^7) aRfl fSi«ia^ «aa T4#tti 
(19^8) profoaea tfes ©oatl ii!ft»i>tiiaei!%2y KBA shemiA tlarts thtt 
dozsil^ ^Xf^&Sk&s^ poxpos^ lUUsitlax' to tlio #0tiato£iel> p1t.09iHi ppodtoiitA 
Mmam^t^ a»tlt «Mo!i gtvoa »i3# to A flux of oopat© isny 
psiftioHos la tlio plcai© of oeliptio |?0f^«ftiotti«» to tlio diiraetioti 
of tlio ioofii X»H«f« 1 ^ am JffflMniedeo •flipa!! oo»ft#ur»lioii of 
tho l«Tt«f«, i t is oloaip tfisi ttui pojetietoo mviiriBg 13^ .08$ ttit 
i!^ fi*o 1»ot^ f ioM lines »aff«» fmi^ loos noaalatioti an ^mpmm& 
to thorn onedfiBft in tiio ootiptio plmmt tisis giTing xioo to m 
eoanio ra^ r doiuiitgr groMoisIt ^ t l i t ^ itttonoity ineit^iiii; 
«iri^ tmm tlio piano of ooliptio* '^ litvofoyot m m^uM t»osod 
AotoetoVf dot to opimnitig of tho loitht would <3%><to»ro m oxeooo 
flux ootting fron AiTootieiio 49* loot msA 199* "^et of tlio % D -
lortli lino, fhio noulA tm^tat §m tlio ooniwAittmol vwpiiitio!i in 
tlio ooimtiiig mto vooovAoA ^ tlio aotootov* Both tlio tlioosio«» 
pyodiot tliaft tbo Mni*AitiyBail imiootyopr • • «^ oofv«A in wptm 
(i) ho* 0 MXIMMI flux i« • atafootioB povpoadioolfiif to tfio T«M,f,| 
(2) lioo mmipmma^ of H^ '^^ t miovt R io itnidityt «"A (3) irorioo 
5 4 * 
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wm Co«7^ » f Iw piNiitiw •^•aftyal •xpefwiit pmCiet^A %3r tlM 
lA tlw nea*X propowd %y M«tti ana Qa«i^ <f968)t tlit 
p«i!p«sAi0QX«r iPsAitnt of th« ooffede »I3P fltoe I9 a ttmvmmvmm 
df ttit vanftflis «datt«ring of psxtioto* \(f oottttovixie ooii«oi*8 
pextielos tlist arriv* of-@3? tbe poles oarparioiusd oei^ «oee88« 
0inoe t!»y aiffuoo idLong iOisost «trtl|i^t s^oia linos» %^X«M 
thoso ontorlng its t!io solsr omi«;«o3*ioi t^ leno 01*0 oonstsraiiioa 
to follow x29Ba9 spijral lo)^ ps« CoBootmentlyy tho ooiRJie raor 
detislty stiouia rioo on ooola siSo of tho solar otiiia^oi^iil piano* 
B^T&mntm aaa Saribhoi (1967) # en tiM othor hanS, ififovroA 
the perpondiottlaa? eossiio ray density |i?ffaai«a* ivtm}^ 5505 inftox 
aoasurofflontst t^ asofl on tltolr finaing of tho invorso rolation^ 
ohip betwoen X 5503 groon ooronal lino anft tlio oosnio nor 
intensity. Ho^ o^iport for a givon eosnio TBVF aonsity aistrilmtiony 
t»otli tlM thoorios pyodiet praotieally sf»o msolta* fhe oosidlo 
ray Aonoity in ttM v io in i^ of ttio Borlii (ononis ana Motti, 
19^) i s approxinatoly givan as follow 
t^m%^mB»^:^^j^ni^^ * • • • « « " 
iilioro Vj) i s tlia aoaaity at tbo bounaaiy B of tho aodolating 
rogioB, T i s tho solar «fi»a irolooity* ^ )^  i s tho diffusion 
** 33 '* 
tli« £i«ia «t t!i9 Bazliti «i»A e i« th« polar «i9igl9 witb 3*«s]^ eft 
to thtt aim* 9 votstional wadm, V» p^ti^s^o-^tik a^nlilmdi of 
t^• steonA baziiioniQ woiro A»riT9d fmm th« a^ bonre expawasion Ig 
t^0W R ie In 0?,!^rep8f9«a»t8 e«y7!ptotio l&tituae wltti wjspeot 
to tba aoXoir aooatoxial plana # '^  la aasn^^otia lo»0ltudd 
m©i«ii?©a Jhfoss the apix*^ fialA Aiifootlon ana Rj^ g^  i s the 
moxintus riglAitsr tipto t^ioh the 0aai«*Aiunial asiiaotropsr esdeta. 
^ha aaaontiai iwesiseacnt of t>oth tha laodal deao'^ 'bea 
at)Ofa ia tiia aidstanoa of ooamio iwcf a««ai'^ t^^fltev^ pas** 
pandlanlar to the aoir r aquatoviail pla»«» T^ o^ wrar, the iwaulta 
ohtalnaA frm the JMmtron tsonitor ot>aamitio?)»» thooi^ not ooa-
oltialira itrnm^ 1 9 ^ | Bajfeas? tmH HattoBt 1970f f^ tthsfsfMimlaB, 
1971b) have not ^^emlly anpiwrtaa the axiatenoe of 3?e<mljpea 
IppaAJlanta* tt has heen felt fov a lonr; tSiae, that the *pitoh 
anide aiati^hiitioii* of the paxtlalaa 1» the T.^ %?, (f^ afiJhhal 
et alft • 19€5) near eanae the aewiWlitumal anlaotimpy. Fai^ aahinia 
at al* f (I972at%) have alao pvopoaeA the loas oona inoAei 
ampli^iBg thxee AlnenaiWMLL propagatiea* T^aexttljr, BamAen 
m9$m 
(1979) hm i3stvtt9xie9ii t3i« ia«ii of *ovigia of ooattor* tooh* 
niQQO to oxplain tho 8«i9l«»Aitini«i Tari«%lon» Howfrrort tioao 
of tliftoo t!)tovio0 li«fo 1)ooa widot^ ftoeoptefl for tbe oacplft* 
notion of tho 80isi«4iiiziiia. Taadtotion of eoarale rem* 
AH ineofisini^  pviffiaxy oomdo vegr pastiete eolliAes vitli ttie 
a i r imelai (dxfts^ &T flttw&mn} t^ ttie t ^ of th» «t!908p)li«x» And 
pi*o^o«8 a OftaeaAe of sooei^axT parlioloa* inoic^iiM^ tho 
«T8ponitio& BontYoiw whloh low i»vof)Ovtioiii^ to tfio aoetoemlo 
eo^onoi^ isttenaitsr* ^lui ovapovation noatroiis axo asaootei^ toa 
wltb loifOB «omff^ iiart of tho orMtotrvm of tho psfJaasy oofiB!tio 
ngre (SI«i»acm, 194^), flBifl» t !» twJaaxy oofl«ie wsyo iooso tlwilr 
id@iitlt3r vtMm tliay ponotsTotto the ateotp^^ro aoTvemnding t !^ 
Be«l!i» iiim AlMot OboowafeioBS ax^ iMinft oanflofl oat l>y ttio 
inotxQMnnto oa ItottpA t^ aUXoofuif xpoolcotOf aata!l.l.l.tos asA spttoo 
T)ro1>t8« aifl«aoh«n1>oifSt pltotogr^hie ofnilaiona and «pax% olian-» 
1}o»i art t)M iaatx^imafita ipnoi*ally naaA fox* aooing th» tiarllelos 
ani iordsatioii o1»«#ovo* 6oi«ti^*^iiill03* oomstovit BointillaloTa» 
aolift otata dotoetora and Oosorikoir ooimtoiw avo taaofl in •avieua 
odcil»iiiatioBa to obtain tlio i&fomalioR fflNrnt tlio tlxm anA tlio 
onaxor aDootra of tha ravioiia oonponanta of mnimrngf ooamio vtem, 
9iia iMnna baaad inatxvtaaiitalion is va«y oaoontial for 
ooatintooB isoRitoving of f i i ^ •imTgst parlielaa* hmmtnvt tlioro 
ara Taviooa othav aodaa aa i«all for cooordittii? t!io ooanio rasr ptof 
tioiaa at a vita vaaao of anaegioa t»etli Aisootlj and iadixootly, 
fha aoBvofwioii of priMafy wmvgf to diffoxont nodaa dopasd upon 
• 1^ • 
tlM mmvfSf Pt %}m iitdia«nt 3p«afli«I«* 7h«x«foM, for Tw*i(»t 
Aev«lop»A to m98mx9 thtir Intensity. !?)i«8« tret 
(ft) !?«iitron FonltoFf 
(b) Zdolsatifin olia t^ie? «iifi ^ason t«l««eop«, mA 
(o) BsEtonsiTS aiv slKsifttip taT^»§ in th» inesraaaing 
M> nmxtTm mmittm hm low m»m r i^aity vevponse at 
eoitparea to tHaft df ft ednon telottOdpe* fisiis* th«8i» 4«t9etoi»i 
Bj?o CQftplUfPsectasjy to ftac^ othftr in tlio atu^ ot oomio sacf 
intonsity waA^tissiB§ &B thi^ eovesf a linfiRje enairgy ira2i^ » 
%f!t«n takon to^bair* flis iseea ]<!igiAity raaisenaa of t!ia netit«m 
monitor Taxlaa fspoia ^ ^^  10 V^ at t!ja f^ onai^ Qatio latitnda /?^  55^ to 
';^ 40 0/f ttaav tho i^omainatio aquator* w i^<eaa tlia auvfaea mason 
7 (onitop an« t)ui unaasgiNKiaa maaon nioniteni hecva nean xli^dity 
raaponaa ^ 50 67 «nd ^ 80-100 OV raapaetitaly* 
*Sim naati*on nonltoza hava tMan f onnA to ba moat aaitaSbla 
tmt tfea attt4|jr af aolmr seAaSjttien af aoamia nor intanaity 
amoae ft3Ll tha t8t0fm iMmtiaBad g»w»<l baaaa aoania xay Aataotoni 
alnaa tiia naatven iMnitai« mmpwim ta law apigidity va»0s at 
whiali tha ttoat af aola» saAttlatian ava affaotiYS mA i^ao daa 
to tlia f«at tlUKi tlia aoraaatian far atnaapharia affaata nay 
ba Aotia aaaily* fliarafaxa» a iRrita mmymv af nantren MOfnitera 
at Tarioita (pann^hia aaarAiactas on tha attrfaaa af tHa ^arllt 
m- 59 *• 
li«f« \mmk iiuit«13.«A davinff ZGf • XQsr pcvlod ana lftt«]* on 
(?igiix«^*1)« fh« isKomnH pviiioipl* HRA the AMipdi of t!i« 
nmtron noniteif oni i t s dsfeft msorfiing units MIW %'h%t9f&t% 
A«sovilb«d in dttftil %d.tli partioalai* ]!<tf«nnee to tho noutron 
awmitor at A»«*»tl»> Migueli (InAi«), i«feich hm t»et» fiastialJy 
OftSigBoa aM f8il»x^oat«€ tor t!^ iSithor* 
s*s yrt?H>lyl.f ^g tiff ??ff^ ytm vm4%n 
f9v ttontinaoiiif Ronitoxing of eoK i^o ragr into!!i9it7t 
SiUspson «t {^ « (1953) soi^ "!»»ti»d ttiat for fiotooticg tho Rtaos-
Tsh«»io ovsporstion nimtro»Oi a olapl© neutron dotoetoi* noing 
Bf« filloA pro|>oi*ti(»ifi3. ooiintov io not saitalblo a&e to (i) a 
alov notttron aotootor nsing & %azo BF^  oounter with the atsios^ 
phof* aa modarator v i l l ho ^xaetl^ * affootoA ^ tho ehangoa in 
tha alinatia aoiiAitiona of tha etsoaphasa and ( i i ) tha fast 
naatvan dataeter using a M^ mtmB^mf annraunAaa ^ a looal 
ttoiavatiae naainm will xaaftily ravfend to ohanpia of ai^iant 
naatvan yvateatian naar tha dataotor saaalting tgtm fiovanant 
af haanor aatariala* Vhaxafofa* tha eontinaoua aonitoring 
af tha aaaaLaania aoaitwiaiit har dataoting tha tftgpert^twi nan-
txana yyaAMad hr ita intavaationa in a targat tm *pvodnoar* 
mf hligk at«aia aaaa (A) «aa yvafofrad (tvodaatifm rata par 
pio<A^«^)« fhm tha 1^9 •£ laad, aa a tarfiat of high atonia 
naaa (A)» far laaai fraiittiaii 9t angpanetion nantrona has 
aat aalar laaia^Pii tha a»a^ Aisaoaaad ahart aoHini; mtt iAao 
Ainj, Aligsjrh 
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O o^itgDff Ollaiaxy Pfxmee^ mesBt f^msmsm^tfp&^i f irfMeli d«m«iiit«A 
teas iMpoiaae* «i« n s^ltM of !iar«JW»mott8 "TJ^ Ioxliii* f?ts©!i am 
«anpi»i^ ©r«mst 1« s«f^«?«a to as a 'tiilo'* i^  mieloon ineifttwt 
on sttob a pilo hn* i ^ o M ^ p«iibaMllty of oietolsif: a xneloos* 
iatoraetioa In tlio looa si!i psro^ooo a tmltitjlioity of low 
BT^Tf^ WSWtSOfiBm **t8SS0 fWRllSSOTI® fl0?O Sl0WO6 ftCWfJ tJO ^h9I'*»l»X 
iroloeitiee t>^  ©li^io oollioiess ta tbs iso^osntor t ^ n ttjoy 
AijffttfiMi ittlfO 1*!si pllo» t?lio %ls8i?!8rfl uetjlsj^ sw iMPt oi^ |Si%ai?eft Ijy 
tho B^ ^ naoietto In t!«s B7j ^smrtor mn^ «» ®l©oti?ie fia1,8© of 
•pplituSo ^ 1 laillivolt i s (itm&rmfi at tl^ oatrwit of th& 
ocNiiitoif« ffiiii imiiio 1^1 li^ttfiaa ana (cio»«l«a W ***• ^^ «« df 
Koitablo oloorl^mio olsroaito* 
lttM99 ^im«(m (195?) yooowiMn f^t a oUanHasd ^sign of 
HoittyoB Mo»itoif to %• invtalloA gt iPariooo ipoirmptiieaa iooai-* 
tiomi anxifiip XOT iiov&oA foip oontlniioBO iioBitozlitg of wtoloonie 
OBwpmtBit of oowdo vaar in^nolt^r* ^<o% of TiamaMo infoyiit^iesi 
vosovAifii iioay aopooto ooolt as %m*m oiiha»oo»o»%s of OOIMP 
origin tM tlivotii^ %hm tlio inf«v)^la»ota»T floKI oonfiiptation 
woo Aoipiirod f^ ran tho data xooovAoA %gr thooo i»ef»itof« Anvtnir 
t997«98 iPA latofl>« nowovoi^ t i t vai f i l t tliat tHoiv ooonlifit 
• • * 1 •» 
««%• mT9 %09 %mt to • t u ^ Miw of tlit a>p««t« of noAQlattion 
df 90msi9 Mort •o«^ «• Asil^ «sirifitio» on ahort toz^ baoio 
eimld net t)« oatalblia^d unwibigiioaalr* Gomloli—l (f <?€A) 
AosigMA tiMi ^p«» Hoittron ffenitov (inM4) Miikiiig uso of 
IfivfP oiio B?^ pTOpos^ ioBal ocRiBtovs Aiv«lo|ioA a(t (%all: Mrwe 
1>y Foi^or (1965) i» oirdoi? to Ii3|»»rre tho staftiotioal mmmmeiy^ 
0f tho iioatyesi isooltoif dttla« flis ooimtlBg 3<»t6 of a fkUl 
eis» ?1H««454 wn^r wamrm m&aitov^ oonoiotiBg of 10 eoontoro 
in tlixoo indopoMtnt units e&eHn emtminSmg six eoostomit &• 
atjcmt a million I>«3P teoay «t a oos lovol ot^ion hawing eatoff 
a?i(5iAity ^ 2 0?. 
ii tmfm wmtmr of nontion monitowi of tm typo ana of 
J3^$4 typo ttxo in opt]*fttion «t v^ajfiono gooirsplsioal looations 
in ftifftjptnt oiwtntyioot liowofOiSPt thoro wfo iwnsy few ncotipcMi 
«onito5PO opovftting rmtamw to tfeo o^otor, thorofowt ^^ 
h i ^ ommting imto nontriMet monitoaf at Aiii^ cozh Imo ^ o oonoi-
tfOTstion Doomso of i t s mop^psptdo^ gitnietion itfiieli io noaror 
to tho OQaatoTi ttiofo^ xooorftifM; only i i i ^ onoxyiy C-^ I^J <?oV) 
oooBio 3ny partioloo» timo a viAt t»«nA of onoxcsr opootxun 
v i l l ^ protiaoA fvon tbo Aata of ttiio otalion togotfioi* vith 
tut ootttiiMoiui Aata from othor otaliono* 
^*'' ffiilwp ifiilffy i l Alliwirti 
fho nttttvoB sonitor «« Aliietavh olooolj follows tho 
dooi«n sooiMMtaioA hy Siaq^ oon Anring Idf • Ono notalo of tho 
<» I® • 
lumtvon sonltoF ( i t ! • plttimtA to feZbrioatt tmue suoh nodnltts 
«t P!ir«t08 D9|»azti»«iitf A,^,T7«, Aatgss^) M I stiown in ni;tiM8» 
9«2» 9«? flpnA s«4y ooii9ifit« 0f 19 Bt^ iMyii^ese sessitiim to 
t!i«m«l iMRitroBs* AvoutiA oaoh «0Qistttv tb»m is an Hums' 
fsoAostctoir* t i»o« t jjMHPKffiUf t!ii ftcnotion of i^iob is td eiow 
fiown OS iio«5»s^« tli» looall^ |)»oft«o©fi noatifons to i^ar t!i««SBa 
enez^os to faoiiitfito tfmis* ^^*«»e I H B'^ « f»?ifi, flio eomster 
aas^aiblsr oonsiatisn of tlio iiamv mo<!«»3to3e> «na ooositoi* is 
saiToaiidod Igr l o ^ »p«>«iieo»* of iwsslty l^OfQator t%i»i 9')«9 
pOHSout i» w i^ob «ir^oi?s*ioii a^at^ oJis oxs umatieea t^ tJio 
i&t03»otio» Of tho imoloonio corapoaimt. ^.1Q aMPanrecfflnt is 
ooaplotely shioldod t»y pia?affi« •jyofleetor* vliicli p3?970at6 
tho oseaiio of noutspons t!i«fe wotilJl othonAs© f e i l to tw detootod* 
!Fhio xoflootor also oxoludas tim law tsmi^ noata^ ons produood 
i s tli» irioiDit^ of tlie faonitot". ^ « ootimt Aram 19 ooontavs 
is diviftod into tuo sootions 9emh eotitainiiig six ooantsvs. 
^afllk ssotion is assoeiatsa witb i t s flfwa inAtiisiiAsiit oleotronie 
oiMHLits* flM Vlotk Aiagmtt of tlio i ^ l o sleotvonio mremm^ 
mmat is showa i» ?iieit»s«t,S* flis Aivision of oauntssv iTito 
two half sootiofia px<yvi<kiB s siia#c on t!is iMisffoxiiiaiioo of tlto 
Astootiiif sspstsn ^ wsBpu*i»g tha ooanting vats from two half 
sastioas. 
2*51 Ifffj ffg^pft'^'t^owal aoaiitag 
tlM pMfortiaiial somitsvs f i l lsA witH pam Boiwi 
tvifl.uo?i«s (Bf j ) 8m snsi^teA to mow ttian 90 ^ 1^^ isotops 
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«t m •pxtttrnm of €0 em Rg «rt tt««a tw tha a«t»otioii of ttivrmSL 
n«tttron8« l^»i eoatitess hitvt A pla^cm in tti« pz^oiptionail 
£«gicm fov 43nmi7 & rsn^ of 90&»400 Iff tsith a s l « ^ 1«8S tlissi 
1 ^ par 100 volt«, ?b« tbesBMil fwutron n/tldh le esntnr«a 
W ^ B^ <^  maliine iiiaaeae tba foltrnitm t»^!>^»»io ^ai»titm 
!^i« €»eo9»-8«etio» 0f this seaotioa folloifB o 1/r depsnAtnoe 
<v i s tfee iwiloeity of tfm oaptiirod sifutvoB) anfl i«i ^ 3880 Hsvns 
«t « ) » e ^ « » m . B (1/40 .IT). I» 94 ^ of tt« >ee,rti<m. Td^ 
oioleQa la Isft i» a 0«48 r«? 0zoit«a etatdt 2*30 VeV beiag 
iifliaue^  t5sr t^ © Si' assfl Pe* wtolei* la th« nwiaiMtJi? 6 % t!» 
Ki' moleas i s lefts in tlse /jstjonfl stat* a»« "^ d" ana F©* isielai 
haT© a total r*^, of f»,7?5 ??ia7. fbo Si' mteleua taagr f^ve a 
©apffiia aay pfiotoa 'by it« tmtsiiiiitioi! into s^swraS 8tato# 'l?Ms 
photon wiiy in^ee bota i?ay« either tor photoeleotrio effeot w 
Comptofi effeot. '^ o Aieoariniinate the trnmirm poleee ag»ii»t 
relati<v«3y tpwll polaea pTodneed tigr the paeeago 0fmam»9 
eleets^ons ete, throagh the oonstevy the eoaittev in opesmteA 
in pvoposftiooel vegion, Ocnneveially prepaveA Bf^  gas i s 
oenpoMA of »^ ® (.vIR.ft X) «»« 35^ ^ {rv81.2 ?) iaolopee. Khove 
seeaetien veiq o^iiaa only to the 9^^ iaotoiNi •»& the B^ ^ iaotope 
perfe»M no aaefyil fimetien, 9heMfose» pvepoztiOBal eooBtem 
filled vith BP^  gaa enri^ied in B^^  iaotope to more than 90 7 
ave tftoed fev the deteetiea af thaiaeii aentyemi* 
. « 4 * 
flit «^iM of ill* fltonttxgr «»A Qa«Rtity of t!i« 3*ofloot6v» 
Itoa pvufbimw ana no^rator wuit 1m oi^iioiooA to olytain a«acl« 
mam offtoiois^ Cfeblo-^.1)« 
Simplo xootangiilA]* ^ noedon laams oo»tai»liii I0V Aon^ tSP 
ptaa£tisi vfix of 11 ixiiSh tMfiik laTor sarxtmading tlie loaa 
MofiScs ma& tha ooimt^ «s««t]:^ 37 i s used as a 3«fleotor £^6 i t 
Qstililiohss the ftill liibeao of laontipoiis l^ ras tho lead p3?odao«r 
inaide tlJS laonitor* It also Airoinislios tha propostion of 
uavantaa lo» onersy sisatrons arflrisg at th© Setsotor fi?on 
oats i^, 
f ha %omiX mnxtvm pmSsimtt i»a«« laeift of parity gsraatar 
tlian 99«9 J^  in tha fosn of bledcs of thi^ lciMiaa 2 ineb i s 
plaaaa abova« balow mOt in iMtvaan tha oomitav gmimi^ty 
(fi#!tt3pa«^,3)» 
flia imiar Btoteratov vHiob oot^iats of f ,15 inoti thttlk 
ttiymt of pavaffin mat i s soRtaiiiaA iB tha iiooAan box as stiown 
in 7igitsa«ft»4« Xmifla tMs nooAan ticae l ias tha B?^  oonntar 
ana i t s sotav 9A§9 i s fittad ^osaljp with tha liQrai* of laaA 
hloStcs, 9ha oagptiixa oxoeSHMOtion of ths B?^ fiiiaa propoip* 
tiooal eoantar i s msxifiRni for thaxmSl vtmT«t Mmtvens* 
%»difieati«ai 
!la»'l>»3p of ooitnt«v8 f«» t i w 
^untwr of tmors in eno trait 
tSmXXtQTB 
AotlV© l©!!l|ytsli (<F!; 
BlllPSt©!!* (ess) 
"Pmemm im Hf?> 
StafiAiffd 
ICT t'onitor 
6 
» 
m^4 
3S 
45 
'^onitor 
6 
? 
1<*1 
14.8 
20 
A79rag9 tM(^ ki!id8S (ora) 3*2 S,0 
AsMft |i«ir tray iwr} 0»94 6.81 
fiOBgtli 9«niU«l to Otfuiitoni (m) 108 2Cff 
B»fl««tmp 
AvoMe* thi«ac»«8t («B) 99 7*3 
Qmmtiim nuto (typiotijof m 
p«p twQT po» hmof (\j 12t<X>0 AV 250tOOO 
por 1^ of pvoAlMoy A/12,800 A/ 40fOOO 
mm | | $ «t» 
9hiB mkofmie eotapontnt iitt«3Metliig in ttm l«aA pvoinmm 
8«vtt3ral •••oolateA tiri^ovatioB ntutrontt tlw xiU29t>«r of t!k«M 
eTi|^ ov&ti<s« attttvotto in ^mtvslt 1}«i»g fi^ovtional to tlit 
onostgjr of tlto i»t9vaoti»g psrtielo, ^ i o a l l ^ t i^  |»«>«i3t 
partiol« of osergs^  200 to 500 ttolT produoes on an eewQiPoe^ of 
about 10 «vi9orirtioii ntutrons* flioso ovapovfttlim i»mt!?oiui sro 
^l«fely diowod down to t^ iwwniei •fwfflos tjy inoinstie e^lliaiomi 
vith tht mo^hiltttlae taaftosiall mO. ?Q08t of thma asm iuboocmoistly 
ostptuarod %gr B^ ^ Mtfjeni of tlw oocmtoi? a^^ aft, & aoaai porlicm 
ms^ he aloHoS down to thB mctmit that thay ax<a loet in t!^ 
fiiodai^ov 02^  ooantar vailo, 
^•^ ^ttlil, twil,lMi ifili. 
A nonlbar of Qiathom Hava aatliaataA tl» eonts i^biationa 
to tba oamitiiig rata »aAa ^ rmtlmm aaoondaxjr aai«|io»afit«v 
uaiag anffisant aathodat feir %ot1k tClf av^ Wm^A momitmm 
(BSmp9tm at id*, t^5$ ^^i^a and ^aradaa» t966| Faxoan and 
Hfttton^ 1968). A aoiigaxy of tha vtlati'ta oontritnitiona of 
aiffasant pviMsjey eaapvmixi^m l>y Htetton (1971) for l«a«o-»lfflf 
una mnm^A ttonitora* whloli ia i^ao a;pplioa(bio to enor M ^ 
3.«tittiao iMutron noisitor ia givan in !!?il»ia<«0«2, 
A alii^t inoiaaaa in tlia nautraii oontriltotion in ^^"^4 
nonitor aa ooMtavaA to KT7 «ofiltor haa tiaan attvibataA to tlia 
aaaiilar thi«aniaaa of tba rafiaetor ia tlia Wm^A Monitor, fhia 
i^ "^ W JET d i J £ . 
mmmmmimmmi 
ooemea^xsts to t1» eoimtlJi^ r«te of tht ir^ «nd !t'«64 monitors* 
OaeifMjnaiit X ^ *^Ol!ltOJ? r'-C4 *'Jonitor 
H««tS!OI»I 
Stopping t fUoBs 
XnttZ'Uflrtl.BIS f!IIO!lJ3 
BttidegxoanA 
63»6 :t 2.0 
4.4 J: 0,8 
2,4 *, 0.4 
1»0 
85.2 s 2.0 
?.S • 1.0 
1.0 ;t n.3 
3.6 i i 0.7 
9.0 ^ 0.4 
1.0 
^^ iBn3 " * 
iiwr«M« (MWOMt pvef»r«iitia3Ll7t i» th« tMrutron eontsHmtion 
daft to th9 low •Bosgsr Tientxtms « 100 V*^ 7) hanrln^ a analltr 
absorption eitan £?•• path in tho paraffin nmx, than tha othav 
oosponants* 
HtiolaoiMaiiolatia intax«totiOR8 era tiso^U,*^ d88(»?ihoa iB 
tasffls of a two atafa;© fi5?oe«««» Darlti^ ttia f i - i^ *^^asat tha 
so ealled •easoafto* fliaaOi te»o«^-OB tsaolaofis finft or«a*oA 
piona «5ia asiittea with a hreaffl ©isa.'^ 'py amactswa aaitaiifilBRi 
npto en©3!?^ l©8 eonparahl© wtth th© inoifiont mtolooa eaerfsy 
GXi& with mi an^lar dlatayihation paajked in the aisectlon of 
laotioB of th© iueiaent tmoloon. At th© o«a of fi*?9t tjliissa tbo 
nuoletie ia l©ft in m ©xoiteA atiKta and fttrthev ardaaion of 
partiol©8| psradoBinaJitly ©r^ wotwWon naatrena* follows ^ring 
th« aaoopft phaiiOf th© d©»«xo£tfltion os? ©va?>eratlon nltaa©, fh© 
••«ooi?«tlfm nantwfw as© o!isr«8t©3!!l«©a hy an ifiot<5pie Ngngalar 
Aiatvihatien and an mmyg^ ©^©atfiiin pefltkr©a aspooaA a few ^ir« 
Bath th©ov©tioall3r (Sh©ii* 196S) and exp©t*i»tRtall3r (^^Hta at al»t 
1^64) i t ia known that th© atasra^ tm(b9v of avano!ration 
nantrmia p»>aaa©A» iaosaaasa hoth with tha inoroaaa in tha 
•imwtBT ©f tha iaaidant partial© and with tha inor©aa« in tha 
prodtia©r thitftaaaa* A Mora aatailaA diaoataitm of tha nautron 
proaaation hy •arloita aaoonAazy aonipananta ia ravi«waa hgr 
Rattan (1971), 
•• $9 •* 
f hit iMlatlirv eontzitratio!! to th§ etnmliiig vat« l^ ran 
0 • d8 of a d»t«otoy i s ^.wvn ^ (Httltont 1971) 
% »^»i «f(o) 1.8 thft i^nitli flini»%« Aifftrilmtion of t))9 imeloonlo 
oos^ OROBt $as& S(e) io tte MfusitiYlty of tbo nonitor to thio 
oon^ofiofit KB ft f^ motiott of senitli on^Ot 
It io found t!i8t n(e) i s of^ xtneiiBatoly eonstasst ixiaioating 
tlist tiio noatipoii cio&itov %«)i«f«8 aa an otmidixtotionokl dotootoif. 
f ho 8»«llosr osoa pzoaontod to tt»» inoidont nuolooos «t Xaz^ 
imnitli engloo i s oooponsatod tgr ttio gmatoF pBoibifbiii^ of tlio 
Buoloons intoraotiag and tbo lavgor BOfl^ v of ovisiioinition 
Botitrons frodaood following thooo intosmotions* 
Phillips and I'axwons (1962) nsini; a ne'bila IG7 iionitov 
has dotoztainad tha sanith aniidLa dai»andanoa of tha naelaonie 
oonpoaant aontrilmting to tha aoanting swta iihioh i s oonsistant 
with J(e) o^  Oos'd vfw tha van«a 0 to IO*'* %ttt fei* e > 40^ tha 
fanotion falla off nova sloiOy, Tttxthav, thay dataxminad tha 
TaviatioB af tha aouBting rata with sanith aniaa (fig»xa«^»6« 
ourva 0) and found that tha svaatast aontvilmtion to tha 
ooanting vata was fron sanith angla ^ 29^ Wharaas tha eontjri-
Imtion to tha amnting vata fov sanith anitlas > €0^ i s oifly 
An\ AViSTf^Th 
iC til 
Zf.M,!H ANG^i ,J 
Fig . 2.6 ~ The d i f fe reTi t ia l (c-arve C) and 
Irstei^ral (curve D) cour.ting r a t e s of a ne^^-tror. 
monitor as a function of zei'-ith ar.'^le as ded^Iced 
by P h i l l i p s ar.d Parsons (1*^62). Also s'^ -own i s a 
po in t determined from the mobile TrX-64 monitor 
survey of Canr.ichael e t a l . (1969) when the 
monitor was sitxJated i n the lao V&Hey, T'awaii 
( a f t e r Hat ton, 1971). 
m "fQ 
/^7 »^ Ml 9hmm In ?ig!iMN9*6» mrw D (%Ail0li It th« Inttgral 
of Bf[i»«ti0»-2,2}« 7)i« vtittltt of Owniohtttl ot al* (19^9) 
tvw tm Tiillosrt ng(if«ii» KM «l«o thoim in tht wmm tigav-^m^ 
«nA oonsiitont with th« oazlior rtvolto o'totAintA ^ Htillip* 
ttnd ?«z«on«* fIwrofOM» i t i» ymry •tsontial for tho long 
ttxn vtability of tho noatvoa nonitov tliad tho offoot of 
dtnolition 01P oonststtotioB of m 'biiilAlrm i f «aar« aAdootnt to 
the fi3C»a nmtvem noaitor ohoalA ho tOmn into o<«fisiAor«tioii» 
fhoeo ohanits v i l l not enly affoot tho ottonnotion of tho 
Bueloonio hoon f^ ron low oonith oni^ oOf hut thoy will oloo 
•Itoip tho low-oiMrgr onvivonaontol haflirgMKUtA whioh io iftiito 
i«»po«tant in tho oaso of tl» hi|^ ooasting vato nontvon aonitev, 
fho itoplitnAo of tho output n-pnlooo fkmi Bf^  ooantosw io 
of tho ovdov of a millivolt, fhooo i^looo axo ««pliflod hy a 
fvo«>«qi>lifioip whoflo gain io ^ 10» In oai^ oootioAt tho ootynit 
of two ooontove io oonaootoa to tho inyiit of a i>xo<-oiQ>lif ios^ 
tho oatimt of 9 pv^mpltti9T» in oaoh oootion io ftft to m 
niaor ani tho ootfKit of tho mimiv io foA to a linoar 9ty»lifio» 
{wen Kodol no. 5t1). Aftor ottffioiofft «iplifioatien« tho «* 
pilooo avo ooyavatoa ttnm aaoh oMillor haikgrnnnA fulooo hgr 
aAAing o Aiooilainoitoy in tho oatyat of tho liaoav «q»lifiov» 
tho goaniao a^folooot l^iaa Q»htainoA fMa tho ootfot of tho 
Aiooviiiinotov iNUpfttit» avo ooodoA Aown with tho holp of o 
•» f f •» 
photognthcA on 15 iM fil«i at tm hmwlst istttrral t^ iin 
antoiiatie i^ hotoivi^ hld azviffietiMntft 
TIMI A«tall« of t)u» |>v»»«Rplifiov» imlao talxor* di»» 
•idniiiRtort oealtr «na rooorflov dwirtnf^ oivouito «;• giiro» 
boloir* 
2.61 
fbo aotailoA Ulnttrm of tho ^xo-^ of^ llfiOF ifttli typioal 
•alvoa of oof»poiit»tfl usoA is oboim ia ^^»o«^,7* b^o first 
t%fo atinseo of this oivoait tiavo a fooA-liailc 1»i«« wpguMpiaoiit 
foip oaxTont otabiliiation of botli tho vtaios* i^oiotasoo il| 
pxHSTiAoo IXJ onnroiit f«ta«biii0r fron omittov of tvamolstox* f^  
to tlw liMO of tranoifltor f^ * 9tio AC nogati^ a «uxvatit fOa#* 
bai^ c f M tha amitto* of tMoiatov f^  to tho oadttair of 
tvanaiatov 7^  pvoridao viAa f^ qtnanor vaapoBM ani low dia^ 
tovlioii, ^ ticfo uwA a flxaA vaaiotanea II of Taluo i«S X 
&B tlio OBittar follovoF at tha lust atafla, fhla Talua of 
tho voaiatwoa It pvovldaa ainlnaa nolaa amA Aiatovtion in tha 
•ftMllit« 
fha alvfalt ilaiMB of tha pAm aiaav vnit idlth tha 
•a^ MM of awnnHitatt aaaA i» ihowi ia fifiiM<4l«8« fiiMlatav 
1 
1 
APTO, Al lgarh 
i L_ ^  
r ~^'T"~T 
80 K J lilKj I2.2K, 
vc,n T, 
.iXi i .^ i ^00 n 
T 
«6 iKWii .iiS^il^*?!-
iJi'f_0OT!>iirt 510-1. i 
J 1 ' I i ' 
'^* IftBK So^K, 
-1 
Ti^ 
I I -i-
. XK» ^ • ."'re-aucpllfier ?ig. 2.8 » P-ulse ffiiyar- unit 
WS>UT 
ISK 
imo-i} 
jH-Jgr^w 
fig, 2.9 - Discriminator unit Pig. 2,10 - Sealing binary 
^2V I-30V 
Flg.2.11 - Recorder flriring unit Pig. 2.12 -. Autonatic photographic reoorfl-
ing Byetera, 
*• 78 *• 
f I mA f | tmm m C»HI«H witli tUvM input* «fiA aat wttyiit. 
mMB ft fttlM at i iMitivt folMTltgr tidlats «l in« «» aox* df 
th» i^^f i tff t!i» 0!l-g«t«9 mi oiatyiitt of t\m wwm polsritjr is 
«ibt«iiMa« fhis mttpitt ffiilM of tiMi f^ TWgiBito i t afsplifioA 
thvoogli m vm «t«g» OflMmm mit%9T tff^lifiov 9^ « fho output 
mtmm V4 is an onittoip followor* 
DioesdjftiiUKlQV imitp ohowi in fif9^u*o« ,^9i is onplegpsA to 
OBteJl^  tho fftasos hmim hoifrht loss thsn • |»osot aisoriiiii»«tov 
hiss 'rolta®^. 7t ^v«s positiiro f^ilsos st tho outpat for s l l 
itnimt palsos of positivo poloifi^ «iroooiiBg tho pvosont dis» 
orittiaato^r hins. tho hios mt^ ho irariod trtm 0,6 to 5«0 iroltSt 
hy means of a paaol noantod holieal potontioiioter, 
i t ooRSists of o i ^ hinaipiosf whioh ax« idoatioiil. Tho 
iotailoi oivsttit ais«rasi of a hinavgr vith t.?pio«l Toltios of tho 
soi^ossats DtsoA is ohoMO ia Fipivoo^.fO* fho hinavf has faoititjr 
^ ipwotiio t i i i iovli i f ^ positiiro pQlsos at tho hasos of 
^mmiw^m f ^  m i f j | * 
All i f p ononis ia thio ssaliog fmit avo fwf ovitioal* 
9ho oosipiMmts vhioh avo to ho ftiTon oxtva spooioil. oonsiAovotion 
010 tho soUootor voslsttrs nhish hero to ho vithiii 5 ^ of oa«h 
«w y 5 «» 
othty «iiA til* littM ani f««lk^Mik MSi«t0r« «ftii«li h«v« to Iw 
vithla !••» thm 9 ^ of oiMh atfior* 
imlo«9 jm» OOOOBA, 
flMi oixwilt aicMPMi of tl)o stoox^or Axlviiifr unit io 
ohowB in figa»o«S*11» In thiOp tlw ontfnit imlooo of ttio last 
•«««• of tlio BmHim ttnit ! • fl3«8t fta to « nonoataMo nalt l* 
irlt>i!idioip (^ 1 a»d ^g^* '^'^  ootimt inlsiMi of the moaoat^la 
mattvi'lirAtor «x« nsoA to ottevato t^a Mlay of alaotromeofia^ 
BiOidL vaeox€aF oomiaotad iB tlia onllaotor arm of ttta r^mmv 
amplifiaf* 
fHe tfitanatio v>1ioteiiinQitiia spaoovSinn ajratan is sHoifn in 
Fij|iiva«t*1f« I t aonaiata of a txwnaiatosiaaa wall alooSr, an 
alaatvoBia «iv«aitt a 1/10 W «otov ant a 95 M I auMva, ^ha 
tvanaiatovlaaA aloalr givva Mgnlaf' aontaota aftav aaoli hmT» 
ifliaB tlia «loili iM t^aa tlia aoataat s, tHa oonAaiiaav Q^  » yfhinh la 
init ial ly ^iai«a4» cat a AiaaliaviaA thvixt^i valaar-l mtSultm •»»* 
taata % miA t^ Oamlaait 1 liflita tlia ^Ut (Iff • »3) fav 9 
aaaoMto ana aayian tiiia tiaMi tlia aoataat 2 aiuwKaa tlia aoMaaiiaap 
O^ * 9 aaaaaia im tiMi AiaalMWia tina of tHa aaiiAaaaar 0|* 
wiiaii tMi afaMMMMMHi '« IMMI INNHI SPUIST AiMMaaip^t '^ ha aaMwilMi 
m 74 ** 
1 t»A 2 %i«dc and ilM 0miAmm9T Cj # wm m^9 ikiB9hxtm^ gi^iM 
Into eeiita«ti«B Mrlivatint IWIIQM^ and a^ini; ttt« iiont««% 3 
«)ii«1t now th« mitor for 12 MftonAat whidh is th« disoharfp 
t in* of tho ooaAonoov O^ * 
WhoB tho teltw light tw 5 ooGoBflo • i»1ietogr«p!i of tlio 
maftiag of tbo olootyowootionloa3. zvoorAoy ohowiiig tho waab^w 
of ooBBto of tho oomio ror iittoiuiity» tlnio ORA Aoto is tiOcon 
hjr tho ^ OB OtfMinu Aftor tticing photogz<t!qph» tho motor xmui 
for 12 SOOORAO to vol! tho eacpoooA p«]?(i of tho film «i^ hrings 
o f;rtsh f!MBO of tho filii in i t s position for tho »03ct oxpo* 
8Ux<o« f ho %fholo pvoooss i s ropoalod ot hoarly intoxvals OEBA 
thus tho hoaxly Aoto i s prosorroa on tho 95 im tilem^ 
BovQootrio pvossiivo sNiA oilnosi»iioyio towfioyotttgo tA tho 
stotion • ! • oontiiMoiislar xooovdoA Jsf SOOBS of st«iidisx€ Boroimn^ h 
(M*t8) sM fhoi«o«M9h <W«f6) yosiiootifolsr, Bs»o«aMi^ h fooovlki 
MMMfWOSdlO IMNNMPISO iSUtflllOS V i t h i l l thO MllfllO Of tOO nib|| fyCMI 
990 «i^  to tQ90 iil»* tho ii>st«imnt»3. osvov itt vooovdiiif 
fiosmiio oiiaagos «t wfhiont «i» tosposoitiiso of 10^ 0 Aoos s«t 
OMOOA • e,T sM 90» ovoiy 10 vUliboiw of itlsosyiMiyio pyoss«vo 
«^ ftesBogMfb looovis si» to«»o»st«fo ihtfiiiost vom^iif 
f r«i -§1*0 to 4ff*e iiooos«lo to ^ • c . 
• t5 -
2.8 
VhlX^ stvKlyiiig tlM MoAalttlioii of oemio vay«« tlit t l iM 
•eitltt iaroiYsa Tasy «i^M«t«'bly twm Urn Moonda ClAk«ii5« «NI 
Sa3*t3>!iai9 19*?) to the 11«-3roitrs or i»ox«» '?*lio ottiay of vo*ar 
•hort toxn timo viufltttioRo vltli soaloo ^ f Aagr io oilnoot ontiroty 
llaitoA duo to tho ot«llstlo«l oiiniflQMieo of tho oflnnting rttto* 
o» tHo otHor liaaa» tlio ofndy of tlaio irarSattoRa wltlt tlno ooidoo 
}i 1 dav* dopoBd saiBly upon tlio %mm toxm staDility of tbo 
noutztm isonitov «Rd ttio eovrootaoM wltli i^oh oonmotiono fov 
fflotoorologloal offoeto ««t ippllod* 
^ha naiitron monitor lo dlTldaA into two oleetsfoaloftlly 
indapandant aaotlona in t!ia I<7? nonitoic** Sinea at an^ ^van 
location tlials* xaaponaa to 'ptimiaeif aa %«all as to mataovologloal 
•avlatlona la Idantioal» a f«lii(bl« iirtesmat obaefe of tHa 
atiSbnitf of tha naatvon nonitor nigr 1»a aoooiiollabad ^ aotii* 
tovinft tlia ralatlira aonatiMor af ttia vatle of tlia ooontliig ««%a 
af diffaiant aaotlona* THaa ulian tlia Monitor la ftmatlonlng 
pvofoi^t tlia ratio af tlia wmt^txm rvtoa of tvo aaotloao alionld 
ttaiaia aanattfit %dMi tlaa apart fwtm otatlatlaal flvettiatlona* 
•awofort tlMi fvlaa lialglit aoil^ratloR an a long tain 1»aala Im 
aaaoatlal <WaQi»<raii at a i . t 19€«) far Smaplng a aoatlotaly 
raUiMI« glia^r af ^ M t a t ^ airataM yartiaalasly *baa«aaa of tha 
«oalta«o gaaaayti»tilty ta tSomi9% m^mmmm in afflalanogr* ^^ Iklo 
•atliad %t taatiiif aonatara aiaa haa tlw airantaiso thai i t mm ^ 
«• 76 «<• 
iniA«f i^lt«n witlifliit ttm iiit«i»ii|itioii •# tlM ii«fmil 0p9rt^im •£ 
th« iRimiitor* T}m stofftpt oHiiiii;«« aagr «eaa^ Aa« to « mmSMtr of 
fMton (moll a* fotlmmt 
(1) R«pXaiMnMBt of tho ooantort 
( i i ) Torlatien ill tlw auppiioA volto^ of tlio oountoi^ t 
( i i i ) diaufcoo in tho ^^nntoi* Dooltion volactivo to ttio 
(iT) 'Hxlft in tbo AioovliitiBttlor lovolo, 
(v) dtinip itt tiio 9mp%iti*T AoiB tint (fuloo wiath) t 
oto* 
„ / A«c N'o " . . . 
, - ^ \ ^ 4 4 )xj 
5V/U/To^.^ 
^ ^ U / V T H N I V E R S ^ ^ 
fc>5 
q H A y 'g g » T , m 
3*1 Atifttttiirig fIffttti 
intemcttloBs with th« «ir inel«i in tli9 BaztH's aAmmpfmT* 
psoAaM mntmAtxy pmvtitlimt ifhieli «v« b«i}i|i xtristesttd ^ tht 
••Bsitive to t)i» ii»teon>lo^aal taOfitAleim^ 1?h«r9fos«» th« 
knoMieage of th9 ttfestosphtslfi txmirtffitioii eff^ieto of eoomio m^ 
pax^iolooy ifhioh inolufies ( i) the oaseaAo pvooosses xwsnomiiMd 
for tfet i>i*oftao%ioB of ooooMasy ooo^io »«y «* diffovont l#v«ls 
i» tho e^ lmotiphozt onA ( i i ) tlio offsets of tbo Taififttion of th§ 
isotoorologioal eoTiAitiono saolt oo i^ xosoaxo and towpogactttgo 
thvoaghoat tho aclnNwpltafo on tlio intaiuiity fliiotuatieno «l 
diffoxottt loTolSt i« voiey ooBontial to i«lf(te tha o'baasfvaft 
aaaondaxgr iravictlon to vaxlttlion in ttw pi?laas!sr oomio mr 
intaiMi^* 
flM affaot of tlia aliaiiging aataosologioal oondititnui on 
•oaaia wtsf vairiaeliGn fia» Iwon vtuaiad ^ i t o axtanaivoly Y>otli 
tlMovatioallr and >y aiaploving nail known oonralation taob-
aiqiitaa batnaan tha Oliaawad ooonio var intonaity variatioRa 
and tha AatooffaaLagtoal fagiatara, A r^vf aonprohanaiira 
yoTiaw of tha adaofhayia affoeta has haan giiraii 1^ BasHioritah 
(1967)• BaaantiaiUyt two aalav aawaations ara to ha appliod^ 
«. 7S • 
to eoMidlo vtr Afttai tlM fix«t OM l0 td o«np««% foy bwpOMtxle 
•F ikbMvption •ff^et mA tiMi MoimA i« -to oovvotfl for -tonpopft* 
tuse effect, flie bssosetele offset le oisiply the eheaias ia 
tho Maflt of tho fl^oi^Vi ofoxOjrinff tlw aoteetov, '^ he ooomie 
rear inteiuiitsr measitToa «fe tho gitRiBA io no^mtiToly oezvol«toA 
with tho httramotrio pvnman* 
9ho iMtiMtnlo QQBposiont i s (ittJLto Mrasitfiw ^or the toHpoi"*™ 
tu]«o TsiviotloRo. Asar Inosoooo in the «l»oophorio tenporatuvot 
iaoroaiioo tho hoiufht of tho fi «48o«(m pi'o^otioB layer thovohgr 
inevoaiinf tho p«th loni^h tor jU Mtoooons soaehiDg tho aotoetoi*« 
•o that t\m prohol)ility of U •oeoon doeasr in tho longer path 
inosoooos* ^hns* t!» ooeaio vay intensity will aooveaoo with 
tho inexooao in twapovatuxo* In addition to this neeativo 
tomiiorattivo offoetf a amall poaitiTO tenfiovatuxo offoot ia 
also operative Aoe to oenpotitiTo prooosa hetwoon ii««eo(m 
intoraotion with air nao&oi a»a it^jUi dfmsr whioh deponAa on tho 
variation of tho differential density of upper atam>8phoro« 
ftatOf tlM tewporatttre offoot ia aero oonplioeted for flteaonio 
oeavonmit ainoo far exaot aalaiilation of tho offoot» tho 
to«porataro i^ different iaoharie levela of the atneaphoro ahonld 
%e aovreotly Icnown* 
tho tonpoiatiiro of feet ia partioalarlyt inportast \Amn 
tho oaaeade praeoaaea preiaoing the stloaaaiy oempoaent 
involvoa pavti^oa with lifo»tino that are aovparelile with 
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tlM tlat of flight fnm Hhmir point of ovliin to tho dotootov. 
loaelioif ot>eovr«lioii8 lt«po oleovijr ifidioatoA tli«t tHo mmtTW 
intenoity «t %fm grcnnd io oisRifioimtly offiootoA ^ i^ rooiiiro 
•aviation t nhozvoo the tOfRporotuvo offsot for imotoonio otmpfh' 
noitt io yvy pnall* HoMOVO^f i t twasr not ol-ifiRsrs 1»o ?Mff!ligibXo» 
fiiiseo tho fi«ats*o» intonoity as i»oapxi?ofi hy Doutron monitor t 
rooolto ftao to noutjwn uroflootloB i» the monitor t)y noelooiio 
09 umlt AS neooDf with JX ««ooon ooi^ xdhQtion of ^ ft * 9 ^ of 
tlio totia ooa»tiniJ{ veto of tlio nwxtvm aonitor for oiitoff 
»i«?idity A^  6,4 CIV. 'THo tonporactwjfo of foot for noiitvon ooRpo^  
asBt has t»eon %rosltod out ^ Kvninor ot al» (1964)* 7ho atnoo-
pherlo ©ffooto jjolatoa to notttron noaltor hsto heon wicoHtly 
vewtmmA hy Hottoa (1971)* 
%m ?ilPtlBiW??* ft***^^^!"! '^ ^ Hfjiitgon aoiiitoy Jatm 
fHo iMmtron intonsity ^ at my atMosfthorie -prossiire 1* 
iB8«r ho oxjpMoooA hy tho x<ol«feio» 
»<?) • o^ p (-P/l.) 
% i^<o £ io tho ikhoovptiw «o«ii froo path of tho moloonio 
oonpOBOtttg iMih dopOBAo on tho nooii ontnor of tho TOoorAoA 
UttOlooBio oevponont. Diffovontiotifiir iibovo otfoatien with 
voapoot to f «• hatro 
m » 'i9 
•• 80 • 
idMM « • l/li i t Imoim m tht 1>«reMtvio «tt«i»«tio» «e«ffl» 
«i«I!t •» pMI«tl»l m«ffl«i«llt« 
BxtvRfiirt iiiv««tiia(li0B« hsft thmm that the «tt«iia«tion 
eo«ffioi«st (a) of m ntiitfvn monitev i s a famftimi of both 
alti%»ie and lalitute (Baiihatat at al,» 1965 # 1972af OaxRiah«al 
• t «l»y f96B| 0axfaiiiliaBl aaA 1P«t«x«on» 1971) and at a giTtn 
looctioR varis* mrlxitt a aalai* 03r«l*f bailor iii«ciiMm at miRistnit 
«al8V aotivitsr (BaiOlMlat at al* # 1967)« '^hi att«nnatioB 
ao«ffiei«iit8 e1»tato*d f«p vavioiBia nmm Xtnml nvatxon iiionito3*lni? 
statlaaa haviiu; diffaiant aittoff ri^Aitita fwf tha isariod 
1964-*65 (Baehtlat at al*, 19T2t>) and thota otitaiiwd for 1965 1>y 
Oansiohsal asid Baveavitah <1969) fsram latitude auvrojrat with 
a !!iohile fsonitoiPt show thai thava ia a good afiOPtonont in tha 
Taltioa of tho attamialiaB eooffioiomt darived fov Itm latitada 
fitatlona haring aateff vigiditioa ^ 8 Oir« BSnilap a i^xaoatiit 
i s alae faoad fav latitvido mv^wf yoauXta hgr Kod«iia and laona 
(1970). 
fka attamatlw aoaftiaiaftt (a) «nr ho aiwply aotiim^d 
lijr uaiag atx«i#it foimavd vagiaaaien analjaia af tha lofurithM 
of tho iatofwityt 1 mim (w), irith tha alaoaphaxlo pvaamxa T 
Urn ilkart paslod intawala ^t thxaa «a»th8 aa«h, following 
Hill oataibliahad Hothodo* tho altaanation aaoffiaio»t (a) 
tme a pavtiaolaie saatvon noaiter oi^ ha aatiiMtod hy pmpf^miiig 
a aoit vigoMRio vogvaaaion aBoH^ raia af ptaaoaaiTo diffaronooa 
•• (M 
i%$99iM9 mnA Host* t9€2) of tlMi lotttrltln of the Aailar M«a 
intonolty (H) mnA t)io Aoily n««ii pmsoaipo (F)« In tliis mothoA, 
th« ohsRgo i» oomiitlflii fAto fipom mm ai@r to isoact io oos*z«l«tod 
vith tlio oowoojpoiiAiiiic 11^ 1^ 19 in %fm fimwmfm tot tho nooxi 
ooanting rotoo ooinooiMinAiiiic to !90«n prooonroB ^^ ana l^ g ^ 
2r<l OBA II2 sooQOotlvBlri thon vm wplto 
KnoiriiiK till tlio poMiwton ^ # ^^  ODA 7>21 P|» tho sttoim** 
^ioii^ ooofftotoift »t^ lb9 ovoluoto€ l»otft iniMooiity tmA onolsrtl* 
oOilT* 
f bo Ao^^o^ior ^nstit^lmi of psoooaxo F ot o<|uclorit(l 
ot«ltoiMi liko Aliftozli (OooMog* £«!• /\ « 29,7^t ^OMog, 
%mm* • 99f^f Attitiiio R • 185.95 mt Oittoff Hl«l«itr » » 14.85 
§•) to iwsgr onoJLl of tho ozAoi* of 1 an «nA ooldoa inoMacoo 
¥ofoga4 9 HI. 
fIM f«oM««o ooivootoA nootyon intonoitsr V mar t>o AoiflToA 
VOlliff tiM lOloAiOMOhif 
«9i»i« II is mm tibmrfA mmtvin iiit«ii«it3r (ofluiit !«%•) «l 
et)«trr«A I^ VCMKISV (?) aind ttw stanAavA px«88as« (P^) nhi^ li 
i s basieaXly obofMB •• the yvKrly aerami^  pvtsvoxs «t • parti-
oalav atatioa. fMs» the hearly pmavora oozraetad data for 
nantmna mAaoad to a atanftarA pvaaaara (P,^ ) aa AaaopiltaA a1»ova 
foxeui ttw basio data far all tuxthmw analaraia, 
ifhila atttdyiBir Aaily TaHatioBf aoiaatinaa tha '^ ravtatioB 
ia not atriatly paviodia* flsta* if t!ia nof^ liam. to Iw analaraad 
yapxasant l^ ihoiixly (ov houidjr) ffitaa of eas»ia ragr intatiaitr* 
tha isaan far 0^ ^ hoar will notf in ^naral* ho tha aaiia aa 
th. M«» f » 24«' hw,. Thl. atfft»»>. «hi«lv 1. OB ».«>»* 
of atffiilar ahaaiiaa ata«« ttt wXtmm^ for tn praatiea if applrltiff 
a aerraetioa« fianarallar raftrrad aa tha trand aovraotieii 
(Tadafa and Wa<|Tit 1979)» to aa^ of tha tama (that iSf i2 
ar 24 ardiaataa) azaapt that farnaoR, 
fa aaxiaat tha data* lot via aoaaidar tha funotion 
T • f (t)« ^ t T^  ia tha Talaa af tha ardiaata at t • 0 
(0 hour) afid T^ ^ ia tha valva af tha atdiaata at t • tn 
(t4 hoar) ia aa»a af a hihaarlr data* It ia finad that 
aaattlaaa tha faiiiia 9t T^  ia not afioal ta T^ g Aaa ta tha 
aaaniav lAianioa ata. "fh^wt^Vt i f f^  w \^ rapvaaaata tha 
tiand aattaalad TaSttaa at t • tidi/lt (k • Of 1« ft •••# t^> 
• 8 5 -
ev At ^ • 2ii<lc'* 1)/12 (km I t 2» 9 i • » • • 19) wsptotif^ljr, 
tKtn VM tTwA eovMOteA Talvct for wf hmT is ffiwn isgr th§ 
wl»s» k « Of I t 2 i ««»t 12 «0A ±t\j » 7|2 • V 
vl»7« k'» I f t t 3» • • •§ 15 wft ^Ay '« 1'|5 • ^|» \ ojf Tjj/ 
v«pveMnts t!it tmoonrtotoa vidiMf Slallarlyt th* tiwiia 
eovreotloa for hoowly d^a mior also b« oppliaA* 
9*5 HftliMfiiltlly Tiariai^ lfflB (iitiltotffffgiltftl 
y^wn then^ th» aelar dally Tarlatlon sicr ba stoAiai 
uai i^ difftsaat mathoda (Itao and S«raLbtialf 1^4| l^ anaf 19^) t 
maat af tha craalltatlTa infainatioii on tha eowiio ray daily 
•ariatioB haa %aaii elitaiiiad threm^ tha atady of tha dinxnal 
<l«tiaMN«ia) tnd awdLdiuxnal (IX«lfax«oiiie) eon|)eiiaii%a* flia 
an^litiida aai i^ MMa of tlia hamenie oenpononta ara uaaally 
davivtd \9 foavtay aaalyaia (Chapaaa and Bartalat 1940) of tlia 
9%mA^ sir Sataaai^ daila i^aarvad ovar a pariod of 24<-!ioaraf 
wtiaia i t ia l ap l t t i t l y aiffOMd that ttia miaotropy rtwalaa 
aoavtamt litr a i laavl t4'4M«va« nawavart iia iadiraat tUm^ 
af ^oflt tOM HioitgltaB « t4-»lM«ia) aiy 1M aatwipliiliod %y 
ao^panMill tMt wpltSt'iMMi aiMi fHMMta af tiia dittriio* TarMdiAaB 
«• S4 "• 
lNi« Mill 4UUrt>ltu^«i in loRgilmte. A laxiit Aittsvpsnor in tith«r 
«!!• flii^li%ii4« w tim phmm inflittattB thact titli«ip th« «iil»otvei^ 
is oliMiiiiiig ifittiia t4»)i«am ov tit* imi^fviwtl tiaw •ff«et« as* 
pxtaaRi»«iit« f!m«« tlM a«t» o1»t«iatA t i t tv appljriiiff tb« 
oenraetiea f«r stoular oluaigts is sab^seted to Raznonio anaSTSis* 
5.31 a 
A»3r idii^a vcattaA p«iriodio lysnotion F(t)t ovt]* a finita 
inttTiral ^ • 0 to t M ?«» idth 84 a^idictant points ifithin 
tha ivit^nr^t wms^ be espyessod in tazos of a Fotifdar*a oavias 
as foXXonBf 
24 
»(t ) • A<> • ^ (A^ Ooo «t • B^ Sin «t) ••« 7*4 
Klkaia A« is tlia nesB iraltia of ^Ct) in tfm intorval 0 to 2tc 
a 
and J^t \ ava oaaffiaiaals of tba n^" baimmio. fliaaa 
•aaffiaiaiits asa givan Dgr 
*a • ife o^* '< *> «^ 
J ^ F(t) Oas wt dt 
I ^* f ( t ) 8ia lit dt 
*•• 5«5 
far i4<ilMttiir f i r iatoasi^y tliaaa aoaffiaiants 
«• ( ^ <•» 
u 
»•• ? • * 
. t H flit tfsplitiite \ flBd 9li«M ^ of thtt nr*^  liaxiBOftio sitsr Ix albtainaA 
l?ij C09(iit -* i^ n) • \ ^o« «t * B^ Sin nt >•• 5»T 
«f)MS« 
\-<%^*v> 1/8 
B. 
•nd 
• • • 3»8 
Sisott tiMi dftily imrifttion of tlio cotmio ragr tiit«tiaity wtor 
b« 9/B»^piim%9lij Tmpmmmt^a }sj ttm fixtrt two htafmonioBn i t i s 
viivtMNuqr to iweonvtiniot tho Aallsp viafi«tion mx^m uoiiif thoot 
two hoHMiiioo for itirthor otu^ sr* 
flw foBviov eeoffieioiito for oithor 12«o»Aiiiatno OP $4-
ov«liNgl«« Mr •omronioiitly bo dotoi»iBiOft» withont naking uoo 
of iiMpwto>i uttii tlio )iolp of fOtmp^H toiwi nothodf o« AioonoooA 
%r toiamiMI liKfi <19T9). in^ 24»lioai^ ooonio vogr intoiioitjr 
•alMOy •••»• lt^§ T|* Tgt •••» Tj^ yooov«o« «l wao hoar intovrol* 
«ffO gaoopoi • • HMMI i» «iflbito»7«f • ?roii tlio 9ol>lo»?,1» tlM 
koMOBio •wfJlrtiiili OTO oolooIaEloa 00 fytllmm 
o^ h \ ^3 4^ 5^ ^€ ^t ^8 "^9 ^fO ^11 ^n 
^23 ^22 ^21 ^20 ^1f ^18 ^17 ^16 ^15 ^14 ^1? 
* « ^ «o ^ ^ ^ «4 «5 ^ «7 ^ ^ ^ 0 ^ 1 ^42 
Dif f . r^ r^ T , ^4 ^5 T^ ir^ ITQ ir^ ir^^ v^, 
fh»8tt «»!89 «8A ^fl^vtno«tt or* again unewB^a at foll«n#8» 
«o ^ «2 ^ «4 ^ ^ 
^ 2 ^ 1 ^ 0 ^ ^ ^ 
^tss ^ «l % 83 4B?4 85 06 
£tl£lf* tin li« 1^ li« I IJ t ^ 
^1 ^2 ^5 ^4 ^5 ^8 
^11 ^10 ^ f '^a ^7 
«^  »t »5 '4 "i 
n i f f t 8t ^ •3 84 89 
« 87 «» 
1 * 
9. 
'1 
6 
• • • ? •" 
t?l» Kiplitttdo and pbaM of tho Aium^ «na s«midiumal fail8»-
ti?op3r es« obteinoA ^ eubotituting tl}« Tattt9 o1}tain«A tvm 
%XfiT9»Bim 5«9 in taepvtraleai 3*6. In dettsisining tli» valu« of 
tho phttit ji^t I t is »«e«8aaxgr that tlHi eoxrtct (laaArant la 
fl«tQXf!!inoA» D«t tlMi ph«M «ngl« 7{^  1M d«fiiii«a i» t«ms of 
H^  aoiKmaims «» tHo sign of A« «kl B^ « giToa t«l<M 
\ %^ 
360 •• Pjg^ 
Tfebf tttfiittvft •»««• of tbo liMEMnlo oooffioioBto for long 
fovloi ioyMi ii»Mi tlw ai^tvtlNttioB •£ a^ioQii of 9olsto*« 
Hi OMNMO ^Md tlio iMttfSy toorti* folliif • t t^ ia i i i 0«nMit«ii 
•onio eotffloltiit* twe •me^ A«f AariiMr snor Itmrtti of p«sieA* 
i - | , ^ * t 
^ * w 
I! 
B. 
• • • 3«tO 
<^A^  • lA* j , ; ^ ^*i - A)' 
- B ) * . . . 5.ff 
ifliovt II AiBolts foip tlio nMnHitv of fltgrs i&«od in t!i« caaZjcls, 
f lui stcsAttvA •rvoT of tlio aooa is (livoa liy 
^A-T^ 
tlmot 'tlM otoBdavd •vr9V ia tbo BMUSI anplituAo will bo 
«». 5.l« 
.2 
• (T-r* ^ I" wff o-J 
if o j • ^ l *•• 'w^ 
2 
. . . 3.t5 
o« cj-aj 
iiii^lL«ily» IAM •%INIAO3P4 onMHr l» tKo AotontfAwliiB of ^ IM 
pWMNt I f i U 00 
•• 99 «• 
O i l 
( j ^ • - ^ 
' • ^ QgMBihiaal gWM»—nt*tioB nf daily yfiatiiyi^ 
fiM f«iplitaa» snd ptiMMi of bath t1%t haxiaoBios na^ ' 1M 
v<ipr«8«Bt«A urapMealljr in a tMunanio dial or eloolk aiagmn 
•itiMv •• • (i) vtetor ttdaitioB Aia^ T^HR «rith taeton atastia^ 
«t the end poixtt of th« pT«TioQ<i vdotmrt or as a ( i i ) oloaft of 
points baring tlMir origin at a fixofl i>oint, tn tha stndar of 
tha Oaily irariati<m of eoania ragrat 1>(^ ^ of thasa reinpoaantctiona 
ara ymieg oomonXy xntmt^ 
3*4 Ag|Mfflrt4t tflBt tf JMOTtmOfi gf ft Wftftt^f 
Tha kBoiAadgs of tha AapanAanea of tha ooanting rata «« 
tha aajmptotio Airaetioa ia aaaaatial for atuAying tha tina 
•ariatian af ooamio raaro* ^ ^ aiSW>totio fliraetion of a|i|>reaah 
•f onr tartiala iaaidaat at a gi'ran point OR tha aurfaoa of 
tha lavth ia aafinoA aa tha airaotion prior to ita antiy into 
tha gtiaagntia fialA, VralaalioB of tha aajmistotia fliraatiana 
haa haon yarfaxntt aithar throagh nodal ati^rlnanta in iMoh 
a wiati aaial of tha larth «BA ita fiald ia uaaA to aimilata 
ar throiili anttrioia aathato, fha aasraptotio Aivaationa of 
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wmmielewl iat«cmtl«ii ef th* •^atieii of notion of tho pai^tiolo 
in ttio oix dof^ rvot fimnlaitioii of tho i^onaisotie fioXd (WoOifoelron 
ot al»9 1962)« Tho ooysptotie Airoetlofi of oiiproooh for A 
muiibov of itontvoB monitoeiiifr ottttions for Aiffovont rii^ri^itioo 
ana ineidont dii?ootioit« hmm boos jmhliohod txsr ^oOrasdmn ot «!•« 
1965t 3hoo ot «l* t 19^. 
In ad}, oneh otnftioo* Koo ot ai« (19^3) hsvo shown th«t i t 
1.0 v»jy conveniont to noo the oonoottt of tho 'ii0fnf)totio eono 
of aoooptanoo of a 6oteoto3**t thio msf he dofinoA as tho oeXiA 
GR(tiA oontainini; thoso aao^ iRptotio Airootiono of aTsproioh vhioh 
mekB a oiipifioaRt omttrllNition to tho oottnting rata of tho 
Aotootor* figuyo->3«1 0ho«f* plots of tho aas^ wptotio Airootiono 
of appvoaOh of partioloa of aolootoA i^iciAitios hotiioon 2 oaA 
100 <IV anA Aisootiona of aepfproaoh into tho atmoaphoxo with 
aonith iiigloa of 0*> 16® anA 91® in tho novth*ao»th anA oaat-
woat goowacnotio planoot f#r foor looationa« It i« ^ i t o 
•laar t»m HM fipi>o»9«1 that tho ijoeawNpittie fiolA haa tho 
of foot of Ofiioini tho phaaot onA aamlituAo of a tino TaviatioB 
that io Auo to any aniaotropgr in tho ooanio raAiation to 
•aior twm atalioa to station ai^ also to a Xossor oictont, 
iwm Aotootor to Aotootor «% anr ono station* 
'•^1 laMByLilWf TlMMJMtoMilii.ftlHli«tMfl^ ^ 
9m m asliitvair lAisotroMr of oosi^o raAiation in ivpaoo, 
tho oomitint tato of a gMwai hasoA ^tootov i s «iiron %r 
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"IT r" 
t::S. 
MA''SON C 
LOCATION 0 
(To»s. met) 
WEST .EAST 
•0 120 wo zoo tZO t o 40 0 «0 to  
LONGITUDE WITH RESPtCT TO STATION (itavr***! 
Pig, 3.1 - The aayroptotlc direct ion of approaoh 
for pa r t l e l e s arr iving at four different looationo. 
location 'D' has the aajme geotnafmotle la t i tude as 
Mavwon (after Rao et a l . 1^63). 
«• 5rt ** 
dO^  • S^in) f <R» «, ^) «cJ dR 
m J^(R) a<«) 8(0, 0) it;^ dR . , • 3.15 
vbtvt iT^ CR) is thM dlfftrtntiaat Odsnio yagr inttnsil^ fron 
a n dirdotlona within tlMi I*'* golid «»«l«il^, 5(R, 0, f) 
i s a oluuraiiteifistiot of th* mtno&plMV and i s assnuwd to bo 
ft 8«i»aa*et)l(! ftowticm of ylridity and ftls?tetl«3W» T1«. tbo 
prodnot of S(R) and z(e» 0 ) , d^ ^ la tho aolld tm$0M aatitondod 
hy thB pastlole flux at the top of tho flt!!!08|>hOT«, Xntofratini; 
ovor all iliToetlona f), ^ ifhloh a3?o aooeaalhle to tho monitor 
from -0.-. 
Ao(ft^, ») • J (^R) sCn) TCH t^ R) dR . . . 5.16 
For lootropio o<Mniio radiation, that la , tho ititoiisitsr from all 
aayaptotio diroetlona la ^^(^)» tho total ooonting rata daa 
to rlfdldltioa Wt«iooB R aad R 4 dR la gi-voa hgr 
^0<#1l, R) mJ^in) S(R) Y(4ii, R) dR . , , 3,17 
^•••an (1957) ha« dofiaod tho ooopllng oooatant v(R) of a 
dotaatar aa 
w<R) •! H •.. 3,W 
litera id im mm Mfiatlag rado dao to tiM yaiiation i s tl» 
r i f i d i ^ TCHflt 1 to R • dR, and V la tha total aountiag wilo 
oamaopaNdiag t* tha a o i l o vttt oy^otivai* ^^ <H>« I^ NMI tht 
- 9 8 * 
tS^mm d^flaitlomiy i t ! • wmm thact ^ 0(4iet H) in Il<paktl0»-'5«I7 
la iA«»tie«l t« dO i» Si|fai(tioB»9*18t anA b«no«» Aqni^tlii tbitM 
two <|ii«stiti«a wt h0rt 
«»a SUtsstitUtilti^ III 13lfO«l!ifM|o5.t6« t«t i p t 
mid Si g to tlio mvt» BQiiatifH»*9«20» aftav integration owr 
,•» 5«20 
m 
^ , , ^i<R) YClL, R) 
. • • 9.?1 
iilMim ^CD|) aaA ^^^^ * ^ ^ ^ ooantlm; yat«a ftu« to pax^iel* 
SXtam 9^in) mA J^d) arvi^nff f^ ran mtnia tlia aolld « B ^ « 
il^* fte 4iM0«l^ «lt<^)/ir ! • the ftpaotloBa e1i«iB«i in 
tatai ainaiilbNl vaila fveaaaaa %gr tlw ooamia v^r lataaaity 
twmSlg ^mrtL9Mm tMs '^(H) ^ an «Miiiit '^ ^^<R). tat «• 
aMRMa tlMd ^^|(ll}/^^(B) la a pmmr Xmt iM vigiditsr, w l t t m 
9m A»^  uteya A la a ftnatiaft ^ aaywptotie dlMatlan, num. 
• 9 5 -
tlM 9^mrwA mdm9%t9§w "Mar IM gkwn tqr 
«!MIX« •(Hit f^ ) i s oall«A th« Tarittlioii^ eotffioi«itt of %h§ 
ddcotor dontspeadiKg to tho saliA «iif^« i l |^  aBA sptetiwl 
•xpoBtnt !^ « Xf tli« eoaeiio ifMsr littftnslty froR within soliA 
«]tgl« A|^ Is J^(1 • A|^  n^) tmA trtm all otiwy dii-aetiosa i« 
J^» tlitii tht AoimtiBg z«t« of wm iiwtxaiMfit i«ill differ I7 «B 
onoant ^ f f^ Kiia tho eouvliisg xwto l^ f i^fon hf 
. , ^ ^ i . t»« . » i . ^ « . p i . <««p»n»t of t^. « « ^ . » t ^ 
anri'ves l^ roia aiU dimotloiui wltbi» tlio solid «BI^« 
Tte olsatntsigr solid saitlo -^ j^  i« dsfisoA 1^ plaiMs of 
ooRStsnt iOogM^bio loBffitttaos spsooA 9* q^sit osa hy suiFfsoos 
• f ooBstsBt fftoiMvhio lotitiido spsoo ovozy 5^ on oitliov 
•id* of tho oq[a«lo»* Vov ovsAudiBR Tvri«lieiial oooffioioats* 
•oiBio Mf fttftioloo of Tovioiis siffiditios tovtrim f^ ra* 
niao spooiflo divo«%io««» Tis*y toxtioalt eoonsinotio soitli, 
•mtlit oott iMd wool «l soBitli MMHOS of Id* and 3t® «ro 
«0fdt ^ ^ niiniMtwoto auHMtioM fOT •(il|.» P) i« ffivva ^ 
tiM oiyioioioa 
- 9 4 -
TCJij. p) -1 n\) «£ S ^ '^*^8'^^ • *« 5»JI5 
wlMM the •i]n»«%ioii tst«nda fM» mar etitoff xlffiAlty to m 
Taint \ ,g|» 
Ebiepsaaslsg tha aaisotropy a» a POMVV lair In idiriaity, 
y/imf A is tha e«a|ilittiA« of tfea aaiiaotrop<f t t^ hiob la a 
0apai!«l>la ftemotion of tha aayiRptotio l«litudaAaiiA lofM t^ueki 
1^  and Tarloo m oMlaa of daelination, fha fraotlonal ohasiii 
in tlia total eotiatiiig rata pvoduoad 1}3r tha x«diatioii f^omi}^ 
mor 1)0 vrittan aa 
. fG{) •(i]j^, p) OoaA . . . 5.«5 
9i»Hiiii§ ovav 1^ 1 A|^ » l^atioii»3«29 glvaa 
/ ^ • f(Jfp s T(i^, p) OaaA 
• fO!j) TOfj, P) . , , 5.f« 
i#lia]<a 4V0^) 1* tlM aaliA am^o AoflsaA ^ t)ia two aasflAloaal 
plaMa t«$* as aitliav oida of tha aariaiaaia plaiw at 
iaa«vailiio iaigftuAa l^^, 9ha aadifiad Tariatioma oaaffioiasta* 
T<^|t P) iMm lata ariOliiclaA far a waibar wi atatioaa tw ta» 
*» 95 • 
Cl9<S5} a»d Sb«« t t al« Cl9^)» 9h« oalealttlitiM f«r • • !»•• 
• f ^ going tipto 42«0 «iiA for rmrfixig Yalvo* of ttpfior oatoff 
ifllliait.T (\ggt) '^ '^^  ^ • ^ «e%«ii««a *3r Ag3?«ifal (19T3)» ^ 1» 
intosostiiii to Boto thsfe tho <rwri«tioB«l eotffioi«»t8 for 
0 » 0.0 xopMsoBt tho fftfDior iB i«hie!i tlio oo8<iio »i3r i^ a]*tiolo« 
firaa aiffoviiit wifiBiitollo XonifltitAoB oostxl^ toiito to tlio totidt. 
eoontifii vato of m ftotootop* 
^•^? ilmJilfiBillffli lift iflkriilT TiirtKlliftii 
f !io iflipXititao and phsso of apjr onisoti^ opjr of ooomio 
radiotiott ia spAOo naor ^ fvoaiotoa f»oB tho lmoiAo4ft of 
rmpimtimtiX eooffieiOBts «BA iiiboorrBtieiio aet •aviono otatloiw* 
Xiot urn oonoidOF an aBiootrouf %1i«t io an axbltraxr ftiaotion 
of aimotian i | a(na that naar !)• oitpanaad an n f oitviov nosion 
i ^ v t 0^ and C^  ava aa^itnuqr aa i^litnAa and phana oonntants* 
and C^  ftn tte diva«%i«n of •iawtng fron uliloh « mwdLwrn of 
tlia s ^ kaiMania in noon, fwm ttui figafn->9,2 ^'^mj^ * %ft 
*t80* and tlM intnnnitr fMn Monaptotio Xongitiida ^ nar ^ 
nvitton Mi 
AMU, Aligarh 
TO SUN 
EAST OF 
SUN --
ASYMPTOTIC 
DIRECTION ^ 
OF VIEWING ^ 
4 WEST OF 
SUN 
GREENWICH 
MERIDIAN 
SiSE OF ROTATION 
JE EARTH 
Fig, 3.2 ~ Defining the angles employed to 
specify the asymptotic direotion of riewing of 
9in a rbi t rary e ta t ion (af ter Rao et al» 1963). 
m ^ m 
0f aHl th* ] i^apli«l«« «rriTi«« f^ raa tht •oliA tiMgict Ijrittg 
susnlng «(v«r i f tht dtrifttloiit 3f|f)i fipwi ^IM w§tm ^wSxm If 
9f tlM 09Biitiiig r«l« of ft ««t«Qtor a^ ^In* 7 iMOonts 
4 S | l l . T TO|J» P) S «gj Ooft fi(5i 42.5 •ISf -ISO* -C ,^) 
i ^ v * 
• r, <%| \ | O M [ a(l5f -180* -C ,^) • l i 3 ••• 3«29 
T1 12 
Jt ?()<j, P) Si«»C51 4a,5M • 
"71 12' 
« n)fy P) Oaim(5i 42.5) 
T1 mA 7
Sia miH 4€.9) 
« • % # ?) Ot« •(51 42,5) 
lAiftvt i^ 1^ ilMt (• • \ 4. y^) MpMatnl tb« vq^lltna* md iktm% 
i a t i i m ^ Ift i^MWvA Ift i l f *n Iqr 
19 • 
/ . 
m> 9T ** 
wlMM Xt i » t h t i t « « r i p M « longitttA* f f tlM itail iott . D M 
• f tiki •MBiO 99^ fltUC 
3*5 iillilillflll ttl iM^lVf ftttflMBl (P) tftf OTWiyJBlitt 
Zf th« •>Myv«A dA&lj vaarlgtiofi i s ftot to « 8p«tial 
taaitw^vtrpy in intsxfiltiMtiaqr atdioiii th« Aiv««%i<ni «nA Miplitiaa* 
of tho oaiootMi^ r OS dotovodnod ^ diffOTont si«lions obould 
bo t!so s«wi witliiii tho lisitfl of otfltiotioal ovvop* ^oirofexo* 
tlio boot ootinoto of ttio Taliio of ifif^idity exponont ond tho 
V!pp9T oatoff rigidity upto nhii^ tlio doily T«ri«tio» 03doto, 
moy bo ootisMKtod witti tlio doto obooitod «t m maib&T of ototiono, 
iai^oiiiig tlio ooi^tion tli«l tbovo »&ot bo « wiitiiiiai Toviiooo 
ottong tho fl^MOvrotieno oo dotoxninod twm^ otatiotioo. l^ ot 
«o oonoidoy thod iuC?* \^) mn^ MCt^t lU—) «»• tho oiniiUtitdoo 
tk 
oBd fhoooo in opooo obtoinod fov tho i ^ otolion oftor oowootion 
fo» tho iioaofootio offooto ond i(Pt R,^) and K^t \ ia |) o»o 
tbo MNWooyondiiii aoan TOXUOO i» opooo obtoinod fov W otationot 
tho aonNAiood Tovionoo^ for oooh YOIIIO of ^ ond \ ^ io 
fliitoii by 
* • * , 3»1» 
'•'''* aPw '** 
^t %\m rtltmm «f 3r» •9n9wpmtAi9g %• ruH^am Mts of p ant 
ragr inUiivi'lrf «n ycazly «f«va«» basl» «• dcttxisimd by iMOtmn 
tfiA witen Hiniter a>tHi«Frstlon8t wtxv ftnenOly foiBiia •« tini 
iwrtaeitm^ tti» tfw period •trlicr to 1970« 9hio vss paxtiowdlarly 
tvao in oaM of noutron monitor obsorrotiono for t)io poriei ftros 
tho IntorBaAionol (loeptorsioal toor (Itnr) to 1970 <S«o» 1972). 
flio tiflw inrarlont l^othooio nao w^timaHly oooeptoAt 1>io«Bioo 
no osrotostatio noutron obsorrwiimio tioro onroiloble bolero tdff 
porioa «na oloo tboro io m ipbienity in tho toBqoorotttxo oewoo-
tion for nooon elMMrrationo for whioh tlio dado oadtoto for m mtoh 
lon^or porioA* On tho liooio of t)io oboorwmtiono prooontod in 
tMo Alwptort i t i s oiMiovfoA th«% tho Ainmaa oniootroDgr im tiao 
inroriottt on cpiiot d^sm 9XB9 for tho |)OiHloA 19€4-70 «t oU tho 
lotitttdoo in Aeoovdanoo with tho ohoorrotiono found on yoorly 
•forogo hooio, 2n this iiiiq^tor» thoroforo* on ontiroly ttoidon 
ofpyooiii hoo boon noAo to otady tho long torn Toriationo in tho 
Aininikl oniootropy of ooonio ragr intonoity noint tho oboortoi* 
tioooS. Aoio fM« iiil tho vroiloblo nontron nonitoring ototiono 
fo» tho fOvtoA f9<4-»7( OB ToriMUi tgrpoo of Aogro« niBOljr»^«t 
AarOf no^Mtio atoaaio Aioro* «iotiii%od Aagro and diotmbod dart 
• 1 0 0 * 
IVIVMM* HMNpMlwSto V*MHMI» 
i»««nt i t j i]idi«mt« thad e«ntlni«a0 «iid ! !«« • rmrimUmm MOIUP In 
int^ypiaaetttor spMtf nflteeting tiMi • 9 « l i « l ai«t»i%iiilon e f ttMnie 
raar intviuiitar • • wt l l •§ pmOttoing gmiaipwtio vavittliwis* B a i l i f 
• t a l . (19^9) QlbMsvai tliftt Aaily e»OBi«iiwtie iiiA«ac s«9s«Miit«a 1^ 
tt^^K^ «>r«l«%w ii . l l mth iitniiD. l«t .rpl«nt«y i»«.nT«»fit. 
•f th« swan llti«ttiflEfei«» tu «iplituA« of tht inttsflitnttaiy iM«ii«ti« 
fl«ld (I,^,F,) ifhloh i» saltttta with tiso aiffbsiT* oonpantiit af 
tlte alalia ooiiir»etii»»»dlfftetloa thaoxgr. Ap i s alM fomiA to %• 
positivoly i»>nf«l«toa witH tho oolar wind roloeity i^fiiob i« x«l«l«a 
with tho oonvootive eoetpoMnt of tho slfsplo eenvootioiMUlfftisiQli 
th«oigr« flms* t1» •ftzl«ti«» of A^*i»«ox say affoot !»otli tho mmp9^ 
Hants (o«g*t difAisi^t anA oonvecrtiira oanj^ ffiiaitts as diaoossoA 
at)ovo)» tlia Aogsoo of infltsoneo to o a ^ ooRfionoitt i s not lenofim 
at t>x«ooiit, £i ftnoralf A i s volatod witli T.w.f*, i t s gmAioiit 
« -u. -„»-.,»•. ».«. „u.^ „. ^  . ,». 
VIE B» • ) , A^  ttag^ iklso iHi affootoa idtl i SOMO othair xaHknmm tavai-
•atovs i a an4 mx% of tlio o o l i f t i o ipl«BO« 
flM vasriatieB of A^^iaAox on ^ i o t , fluignotio stotms anA 
d i s t o a ^ i Aaars saa Aistax^od Ai9« witboat aagaatie s t ions hm 
%ooa ylottoA i a Fi«uxo*4«t whioh i l l a s tmt los tlmt o« m^t dors 
tiM 0mm» i » Ay*iaAoz avo aiaiaaa tiliosoas ths Talaas of if^ 
iadOK aa aafaotlo stofM diora aso a n i a a i , fteovof^vo« t o kaoir 
tlM Aaflaoaoo of Taiyiaf iL-iadax oa tlio o'bsowod diavaaii and 
a o 
I 
I 
t 
I 
I 
I 
? I 
5 
in •« cn r4 
S3DiaNI-dV 
• tot «• 
distvitmticB •£ tlM Alluvial anft •wil'-i iaxiiil gfiitsdtjrepj vitH 
•Meying Taltxc* t f Ap«*i»A«x f«7 tlM p«yiii< 19^4"7€ «a!riiii f«itip 
KMiq^ ••§«# ( i ) 9iii«t Aiors CQ!))» ( i l ) tt«(p»tio •toimi Anjra 
(f>rsm)« ( i i i ) aiatttx^A Aar« <^)» «&« (&•) aistux^a Aior* 
vithoat tta«ntti« atexmi (mMm)» t% lias l>«aii o1)»«vv«A that 
tha natura af tlia lane tazn Aaily Tairiaclion of ooaRdla visr 
intanaity* pavtiaiilavly att QB, ia aoMpaswI^ la ta tiia sairalta 
OB yaaiOy ifforaia baaia utiaza a l l tlia Aars in a year mf eenai-* 
AaxwA* 
f^stliaxfiosat an cttaiipt liaa tiaan itaAa to Aataifitlna ttta 
Aatallad aliaraotoriatioa •t tha Altisnal aniaotifopjr mA ta 
aoBpasa tlian vith ttia aarlia^ abaaivationat »9 •» to dafina 
tha liaRg tax« w p i i b i l i t y of tba Alumal aniaotvo^jr, i t t a n ^ 
haa alao laan iM0a twe tmAamtanAlng tliaaa Tavlatiana in taxna 
of tlia axiating t^axat iaal aaAala anA nith tlia cdiangiisd intav-
ylanataxgr aanAitiona* ^tiimTtmr ttaaaaaaxgr» tha vaaulta trim 
athar Aataotom hwrt alaa baan uaad to aonftxtt octr vaaalta anA 
aiaa ta fiiiA aAAitianal infomalian xagavAing •wtwgy ajpaatym 
anA upfav aiitaff viglAity ta aupfplanant tha aautvon mmitav 
aha«yratiaiia« Vav isfaatigaling tha AatailaA natnsa of tha 
AMivnal antaatvapr raviatioR anA far fisAing tha oltta fav i ta 
aaaa»fa»aa» ^w aiiaBita in a wia^v af gaafhgraiaal* iataypl^* 
aataiar IAA aaHaar fanHatavo ava iwraatigataA anA thaiv lalat iaa* 
ahifa hara Itmn AataxninaA* Vfena* tha aaalytiaal vaaalta 
•• tot •• 
Tffwmrn^^ til thi9 tUmp^wv mar pvenria* ttm ggm wm mUt m fim 
•ti««i«tt»i •f lilM 4i«zii«I tnisetsrapgr ana th* plwuiililt •xplan** 
%t»]i fv»««iittA aloiigMltli tlw p«mit1fti3.it3r »f IteirllMnr imrtcti-' 
g«ll«B i » this AiMtttlon, 
^•2 iPfriflTillffBi^ Wlffilli 
9}m pftmam e«nra«r%«a lumzly ntutsran mmiter a«k«* «f%«ip 
iKppl3ri»g tmmA ocinra«rli«» <T«A«rft aM I7«ii|fip 197?)« ! • liaxmoni* 
dalXy analjrtMd to haem th« amplititAt anA i^ ias* of tiM Aitupnal 
anistftvopgr for tftoli Anf« Saoti an analyaia of tha eoania vagr 
interiBi-ts istta ^aa t»a«ii pavftmaA aapasMtal^  an Ql^ t USB* W msA 
m^m far tte aaiitvaii sanitorlng atctiana liataA in f a(bla«»4.1 
and aM alaa aiacnwMatiaally abawn in VigkiiNM^d to abair a 
%rida aon^ vaiE* 1»otte in latittida aaA langitnAa, flia total malb^T 
of Aaara x^mA fav tba aa^ljraia an Aiffaxant tjrpaa 9t Aaars ant 
ti$9 tlia favioA 19i4»7< mm giTon in taX>la-4»2* flui yaazai^  
anpavafa MBplittida tiia pliaaa av* than ofAoalataA f^mi tlw teily 
ipaatova aafavatalj an Aiffaxant typaa af Aagra, 9lia Aaara w&tli 
Hanta fmtt^mBh ioemmm w aliarp inavaaaa tvpa« I f aiqr* warn •»* 
lAvAaA UPW tiia analyaia, 
•^^ ^ f i f t t u i itntiiBi i f t l i i i i l Milifligiat 
fte Kvamfa Atuinaa. wiaatyopy af aaanta vagr i»t«nai^ 
mm iM ««pvaaantaA I r ^ ^ iq^ftiUB af tte typa givan 1^ 
f. s,l§IIISSil§§glllllliilll 
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?lB. 4.2 - Il luatrates the g«o|P7«phioal l a t i t u d e and lonRltudes 
of th« nautron Bonltorlng •tatlonn UB«d In th« knalyaia. Marit • shown 
tha looation of AllKarh Keutron Monitor, 
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• ! « • • 
tlM •|^«%v«l e1i«»Mi%«yta%fti« af tlw Alaxttad MBlsotvepy tm « 
ii9^^»*4l«gr %«•!• ym% Hht aaumwiX mfrmg^ Aitsmal anitotroiigr !ias 
iNiMi •^••xiwa «»iit»ai3r mfimiwHv^ with am •ntvgf i»a«p«iia«nt 
•39«Bi«tf P wiA txj^ pts^  l in i t ing vl0,Aity$ H^^^ of th* AiixxniA 
MiisotvopT for diffitMiit ppraop<$ (liwfitioiwd in Sao. 4«1) UBltm 
%)m A«l« f^ rott «ai tim anrailafela ststioiui ftif aaOlk ytav duvinis 
t i l * pavioA I9€4"74 Iqr ««tii« tha faatbaA daaopiWfl in 8aotiiiik»3»5« 
f I M l>aa% f i t Taltia of ^ ia ona far Whiah tha viivianaa wmmm t ^ 
•aapioiia •al^aa af aniaotvopy raotenra aatisstaA from Aiffasant 
atatiana ia laiiiissiiantt 
ttia fi«ttia«-4«9(a) ahowa tlia plata far tlia Taxlaitoa i^f 
%hm ai^yniO. aniaotvopf an QS iranua tlia apaetiml aoipanant tmif 
tHa paviad 19^ 4*»74« Zt ia «|iiita alaaip fMai tlia ffi£ara«»4»5(a) 
tliat an Q9 tha vavianaa ia «iBiaa« t^v ^ Q^O ± O.t vith f^^^ 
^ too 0V» i«««»i tha pavia« t9€4»70, fhaay tha ahaawaA 
^laMttaviattaa •f tha Aiuxnaa. aniaatvaMr wi QD ava aonaiatant 
with *HMI idiawaitayiatiaa af tha Aiuvnal aniaotyopr a» yaaafly 
tmwm haoia far tha pariaA 19«4»70 (Agraina at al,» 197t)« 
fhtaa namaLta «ia in aaawrianaa %^th tha ipvaiiotiana af tha 
ataxia aanfaatianf^iffteaian thaair* nowaipar« tha •arianaa 
ahtainai fw tha pariad t971»74 an QX) ahowa that tha Taina af 
AMP. All9«rh 
' k'i'^ 
/-•i-i 
•0-6 -10 •0-6 -kO -0.* 
EXPONENT fl 
•as -1-0 
^'l«. 4 ,5 - Th« obtMrrBd Torla^^A Wtv««tk Xh« AturruRl v«9^1-^ ^>iJ^ l a wj^ ttoft 
oalc^^atftd for •ftati atfttion tm • fnnHisA of th* STpoiMnt 0 ftfr •aeh ytttr 4nrinff 
«» %€M «• 
f ^ * 0*4 1 0«t fflP tiM MHt TAltl* of 1 ^ ^ « 100 ^T* f i l l * t a i l * 
#«!•• tlmt w«tm}^MMp9m^ «B tilt ••vottttioeail CaSUNi immm m Mi« 
«ii1tw«yA smAiaS. •oenrtotiM KBA imwzA £i»l« aaiiiPMd 4ifAwiia» 
tbAxv i« an tAiltionaii wwiwunnt 0|Msi(ling daspiiig thi« iMiiioa 
nitli 0 |i 0. 
USD tlio wwEimum i s minlaRMi f«p t)M TidiM e^ f ^ 0 4^  0«f Attvint 
t!» p9vi9& f9€4-74 •xMft Aaxiitff 19^6^? ^tUmv f £^  - 0#4 • 0.t» 
Za t!)« jeme 19^6» th* •etliM of P i« tiii»t«xaiiiiiftl«« t1m»t ^^i« 
•ttcyliig iistium of tb» siptiitna ^moiMiit m f^ ^ inAiaatos tli«i( 
Bant ef tiM ooflnio nor «tvt«iliig oi)«»i:ll'v« on vtSB ^NiiiBf tiM 
•Btix* ptxioA 19€4»74« Zt aiaar b« otttwaxA MAi«3L stsaflniiiiff 
MH|MMMHKlf l^lxOlk X9 MfMW^tt% tRflylZAFf wLMIOffKi' I&OIIIS vnO ^MPVlH* 
•^^ '^ ^ ftUUytfMillWHI ftMTl MMI ^lltttrthll ftlfl Ifi'ltiflttll 
•Ktoa #f ^ l i AinvniA aniootMir M fO mA M I IXOMNS iranns ^li« 
•IMOlrail w»imw» 9 svAptvitPilr* A i« ^ t « awiHM»a» f M i 
AMU, WHirh 
•at -10 
CXPOHENT 0 
as -1-0 
Wg. 4 .5 ( * ) - MIOHWIO afOMB WW 
AMU. Mion&i 
. 0 6 -10 -0« 
EXPONENT B 
' « ' . 4 . 1 ( 0 ) - TIKTH'SSD DATS 
kmi, AKg.rh 
«a6 -1.0 -01, 
C^PONENT a 
«a6 -)0 
n » . 4 . 1 ( 4 ) - DlSTm"!! ! I J ' S XTfrnTUT MArtHmc SIPRKJ 
*» 10T ^ 
ssiMi l« »i»i!R» fw th# vilti* ef • fij/ 0 jt O.S for the •ntis* 
p««idA I964-T4 •xotpt tlMit fi ^ •«• 0,4 Jt 0»8 «iix^»« 19^ «» ^ 
«na durins 196S cm vmm^ fiii* tniiomt** th«l th* eoveftfttiojigl 
«iiiiiQt»)|P3r i« Koxtt aMiiit«nt tm w mnA tmm toasing tlit pti?ied 
1$6l-?4. 
fli«^«!i9llltti (137$) h*s «irtliBmt9A ttm indu* • f \ ^ 
^&*mrim tilt 9*xiod mmtlonta Al»oirt xmim t\m min%wm mmtt^ 
m^ hig^ «mfi3f xi»«pdi!«« 4«t«<stos?s, i^ 1i«i i«i»dxt«^ til* tettg 
ifiporUa 1^ mwymX ifosttwi (^n^l^ •% iSL. » I^Of AlOuwiilift 
cktid B!fi<itk:s«fi, 19?0t 19tf| iipfmnCL •% ia»t I912)« flRt«» i t IUHI 
%««!! «stia»1ti«li«& %ti«t t!)« ehttnftv in \ ^ folXov ttt« 11«f»wr 
«tt«iflS>o% «^ «Xt with TiOtotii (v 5© «|? during ••lar «ini»ini •»« {v 100 
OT aarlBg iolfi» ttxzlansR ftotlflty p^ifieas, ^imrmmv^ i t nir ^ 
r«nBlr«A tlunt tlt» «««ilt« o^titintd tern fMsea a^twctoxs wSL<im 
Mwy mt %••% t>« «oiuii€*y«a MI Y«KII^  •stiK«l«8 foi* Mlaor «(r«it« 
•«:ri«li«» i s i^,^* l««iBt«i fm ttw »««<m 4«ta tte t«M9*vcltts« 
«9»««ti«ii m^ Btt %9 i^li«A mtmm^^i^ mA ftm vMtvpftmtA 
mmm t«l«»«»p9« awtft i t i« ntft i>o«si!}l« to i^lar fooMifnotio 
«03»«eti«M MOBva^ ol^  <feo to iMlc of o{ir loioiAoago of oonpUng 
oooffioio9to» ftirlbomoMt iNtggia «n4 f««oi*«»t« (IfB) sagfiot 
tli«l ft mm ipfsoMli io ootontiia. fov <lfttoxi^ Uii»i tlio wgefv oot* 
off vif i i l ty %te«i«o of onoznr Aopondonoo of tho MiMtliail 
•niootvofsr oaA th» oolvr WNpotio oyolo cniootyofgr (tt»90Mt 
msptitntf KAd fTittM of t l» aimynia «(ii«oti*op3r for aiffSt»«i!* 
gVG«p» «Mi 092«*(ittd fozf etoiR«8Bfttie %«ndliiff naA Msntptolie 
e0&« 0f atflfytaw of tht d«t«etei» ^ tiiki»« tb* TAII I* of ttio 
•a^ontiit of tho oiioiTiar opootsmiB p m e x ^*^ (woOvn^ koB ot on*« 
1t€f| Ifozdi 1968) MS dif«va«»oa J^ Soo%io>K4«S1, flmo, tlw 
zttiiil'lo otitalRoA for tho i»oi?iod i^4>^*f$ em Aifforont grcRipo 
4.SS1 p«^ ,<p4fftMfttim 
ftm voittoo of tlio anpS^ itndo «Bft pltoMi of tlio diamatX 
•niootropy on & for tho porioft 19€4^T€ oro fiTon for few 
•tidieiio tn f iiblo^»5(«)» '))0 tistomtotion fiioporoioB oad 
jroorly «vor«go irml^ t of i ^ AiusiMia, ofupXituAo onA phooo oa q!0» 
for tt» porioA I9€4«*76» lunrt tloo %ooi} plottod i» fifttro*^«4(o)* 
X% is AotOfttiiMiA thst on ^ tiMi «for««i Aiumol MtplituAtt 
r j ^ ©^ 4 1 0.#f I «»a phooo f^ iv ( I f ,0 i i ©»a) liro for t l» 
porioft 19€4»70» for lAI tbo otgliisio* 9brfe1iorf fiffiiro^4«4(«) 
• lot roTOjOo t1i«% Vm pliofo of tko dituntiaaL osiootrop^ on ^ to 
oonotont Aran 1944 ^o 1970* Howovort tho mrotoavlio olianfi ta 
tho ai^mal phoio m ^ otirloA oinoo 1971^ 9!tos« ttw metoxo 
of tlw AiumtH plMMO 00 oWorvoA 1^ «• on <i0 toxliit 1964-70 1» 
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72 73 7A 7S 
n t . 4.4 • ttm l]it*rstatlon dispersloK and yaajrl? vninjrjt vftZn* of th* 
4iw«l3. «9li%«&* aM phMW f«r th« pai'lod 1964-76. (a) . QCTK SAYS 
110* 
(RaOf 197S)t t«rti«nlart3' for itifati?o» noBito^ ^'hrnvft^tmrm^ Butt 
nigolfioctit eh«iigts 1icv« littn v«p«rl«d in ! i i^ mmvm a«t«otos« 
tfm s*mt 1954 f tlw ^Kpittua* of tbn ai»xfiiil imJti»fi<tx^ 9|^  ha» "immn 
•3.3. tfm Tsmxtrtm «eait«ziii« tftctlcms vpvnKlisg «l tli«t tiiM* 
4*^ Cft)» i t ! • o%M«vi(bi« tli«f til* plUMM of tl$t (liiiniti waiwtxtmfpy 
OB QD tits sMfltd tmnuiftfs •Msetitr lifjuvs «t tSd tfm ttittioas f^ poi 
l^tO to t11 tiMi i^m^m iMft o& O!) l)oi»« lms!W»» <»tt •<p«loi*i^ 
Mtttiimt iMKiriiig M0 OQtoff ^ftaity^ fMC txtnfl if» tPlto •Tifitut 
f^ roM tbi s««»lti on y««sly «iw«it basic C i^pwwil «»€ i»»]itli» 
1979) and tnm tlit dsta of ^^ b* hi0k tDtvir dt^cotovt «t fMivfiw»t 
•9 vmtl wm im^imggmmA $IRbiwi1^ rili$>ilI«i» 199?t 9)i«rib^i^ilXiii anA 
Sp«Il«ry 1975 >« t!i» stfiAity 4tf«sdtiio* of tlio aiiisnia "sthmm 
•liift on as> viar 1>t aoxo OMiily «sitrstotA lor leoltiiif to ftfayo* 
4*7« «9iio!i i«if#alo tliftt tho pbsoo 0f tim aii3rR«3 «iiicots?oir 00 
m htm Aufthtp sMfloi toMtfis oweaioip haum ftgaiii in 1975 # 1975 
«nA 1970 «l 0:11 tbo fftclioas* Ho aicfiifiosat eluaRCo i s Botiooitl>U 
Aaxiaf tlii fosioA 1971»7Sr« It iff oliio olmosfviCblo th«t tit* pltsto 
• f tBo Aittxiial. iwaootyofT e» 09 lia« vootvtvtft Ampisg 1974 1^ ibMt 
15 «» f5* i» v i i i»A tow i«litiido ottttions. flioiitgh» thio sooortxr 
i» tHo phiso of tiM <iiix«aii «»ioitvopgr «» 01) ia not w i x IM«1» 
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Ti^, «»? - The oboerrea yoarlT »r«r«iP« rtjurnsl Tnrlatl'vn on QITIW DA'S 
for B « t « t l e » a plott»d me m r«<rti)r ftdillttt.n Hmjrraa during 19fi8-76. The 
•rror* Ih the loaiTl4u«l a a l l r T*etora « « f:l»»n In T a h l e - 4 . 1 . 
tm t i l * 
•igiiifi«aait • • mimtamii to ttm 1mm pluum tMfl «nri«g 197<V71 * 
lf?2«t? miA 19T4«B« ontt igiitiy i ttam t^tm/m mitt tmmM 
f^ 45* «• «0«ips£«4 t« tli«l 4> »^s»fea dia?lng t!i« period I9?0 «»• 
flii MfaOLitnAt •f til* AteffBaOt «ni««it»t7 <m QB )Mtf i»»t 4h«iif»a 
ti»i •!»• f*]*&«d x«p«r%*ft b«]<»« 3igiiifie«!it etumiwc in tlit aiixmal 
•ni»Uttt«ii mmmts^ TMMmt tern fiiiiM«4,4(ft)« t% i« elmirvit 
tlmt auifii!ig solwr ninlMin ^triod 1964-^9 «na t97^7€ tlui divt3Ri«a 
•nplitttts lis* a««s»«««ft tut liMft €«ei*««M !• MOIM psKmem»6«A 
dulling 19t5*76# It 1# Quit* «1««3? f3«» t1i« Fli»i?t-4,9Cft) tl»t 
th« 9itis*ail 4iepUtQd9 i» cliro dtes^ fMcd ias^ng 197f*72 (i^ieli ! • 
fiot A p»i?ioa of viniiRta milwt ttotiiril^) «sa thi« atovtsto i0 
Obfftvfva br Host of tlw n«iits*o» sionitorine •tstiims* l^ orinc 19^« 
73 ttio wmiimm of tho Mnanaia. anittotvo]^ on ^ litto s ^ ohsnitA 
•ifttiftoantl^r* fitoiravo]*, • • xwipoirtoa oaifUoift tti03<o i s «» MSO* 
elatoa gifiiifioijit 'phmf tliifl towii^s oaa^ov \imam taeinf tlw 
yorioa t972«7f* flio wm%i,im€m on q3» tia* doozooioa 1» 1979 oXoitf-
vith laxfo fb«»t ohift to otflioy itoitra* X o^risii 197i m m 
Aooxoaiio IB Mf lltoao of thi aivzma oniootvepgr io Modwni i^ hioli 
Is sppviadLwiEliay iMi^ f of i t s TSIUO SBA i lso tlis DIISSO sMft 
towsrds osa^ltv booxs i s mucisns i^s l i i s J;^  49** 
*• lit -• 
tiorn «% Caamtgi* titstilitttlen df taablnftoik tih&m <mt to out 
lloi?iac«iil at itl## I f B i TtUMft^n^lllaS. •»§ %»I1IISP, I f B ) iPfi ft 
1^ HiiNicaBi lit «3L» (1973) i iMeh «e<» 1« mxpp^^ »* <»a» »«it»«ii 
I t tdU 1m pf«Mst«e in C!lui|rt«v»»T thi^ f ^ th« l^rtt t i M a 
ir»i7 •ignlfiesnt iiief»«Mi ts tl» M^iitaAs of tli« t«ai<«iiita»iiki 
imivotvoifsr im ^ «« ikl3. t H stfttioa* diup|»f 19Ti ti«i l»f#B iiotie«a, 
•n iii«x*«M 1»fti»f iilBost • f«at«3p «f 9 «l oiost «f th* «t«tioB»« 
f 1^ o%»«i>v«a immmBm in tlit •cni^fittixnaa liifiitttai «« adil tiMi 
•t»tion» aaxing t971 irtiieli i t not •«»ratt|»iiii«i 1^ aiKf •iciiifi««itt 
imixtttM in tii* ainxma «>i.itu«« m 0^^9M ixvit «if»ifio4Hiot 
i» i ts pm0£a«^im wm^hmsim in ttvmi of tlui «si«ti»t ii»a«lst 
•« f , , tU «0n»i^ cr«di«ist «oa«l ps^ cMMd ^ iulivwMffiiii^  «ii^ 
SftMOklwi (f9€7) ana Qstnly ^la M«t t i (I9ie> SUA IMS <iewi i^ 
pitHi wn0» «i«tvi)Ntti«n a ^ t l pvo|»oiiti IQT WaiMMaa t t «i* 
Cl972ft,1i) «Bt Bi»ift«» (197$). 
^^w • y I* ^^ P 
4*3^ 2 f^ ffiiiftlft t^giii tea 
f)kt rtOxmm ot tlit wplitna* end pli«i« nf t1»K ^ titupsiO. 
iiiitt tliftM <»i liSl^ f pl(»tt«a for inftiiridiMiLl vti^lefits, fbt tli»MK 
ttot^^y ¥§«*«>3ni €» USB tm %!» |s«i*io« 196»*?6» It t» ^ l t « 
«a««r ffeSBi tfet«» fi#ii!«#.4«4(%)t 4.f Cl*) «»« 4,6Cli) tfei* t!i* pliiawi 
at w»ai «» tM •w»li*a«« utf tlii dinntiil mimsitmp^ t» USB axt «©% 
immfim^ i&xf tlMi p«yi<NI f9«4*-tOt WM It i» ^mm m m)» f^m fUtw 
•Mfl tft •afti«v licRisfi f w tlw p«i«<^ f 9tO»tt in net M pwjtttiitist 
Ml i t i9 0%MVV^ im ^ » 
mm #ti«i«vtd yvasOIr «fvs«g» ainffna ph^m m a!& «ISA MiD hmm 
%••» flvttta teffvtiwy f#3p ««Ksii3ri(iefii i s llitt»t«4«0» fur th« iMipita 
INf^lf* tiHi vMPtdiett of tilt l^«-lna«z f«r th« •«•• p»9tH 19i!^ 
7$ lUMr «3l«o \mwn mhmm in tlw fi#ivt«»4,8* ^fm flwimh»4*% mgw^Hu 
timt tiMi Tfihmm «f tlui Ainxnal «3ai«0tffo|)3r m MD iflitx* tli# JL»ii>a«ae 
hos luifi^ir Toilii* la fo»i^ t t ^Mft tewspdc •sjflltir lioiivi in 60»» 
pvriMii t» tiM fhmm in 90 libtv* JU»tiiA«x ks* le«*ir •«kl«« fev tlm 
y««l«a 1911^^2 MCMft AtaMdiliaA «s4: Itt, Itrllniirft acutartm ••iiitesv 
i»f #<E««tixi«l «t«liaiui «l>iolk l» in «im«iM«t idtli tl)» cwiaitr 
fisiiBif (iiBAtflii^f t9<S)* S^ ««nt»«it« i t i« 9%««»ir«A on al l 
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tht stutioDs for tym pmdeA 197VT5 t*i«t th« ph«»« ©f th» AtitfitflaL 
•nlsotjpop^ oa ?^ D has ahiftoA tewax^s 19^»T hourtti ITI ooiiipttriaoik 
to tfm phmm CMA CD* liiai<Miting th* oorapleta rw^xval «f Aw^^ 
x>«a«tioB ^ring t9TV75, ^oiniiroi?, A!ii»«al»aa an« '^^ WoidHii^ 
n««t5^ T5 monitoring 0t«tioii» h*f« tthewn thia oprjosite 5»liitlon«^iT> 
«t8Vtln« frwi 1971, M i« obserra.'blo In Fipir<»-4.8, T>it xoselts 
«!iowiiit tfi«t tl»«*» i t « d«M9l*t* vfrfttrml ©f Ap"*^ ^ i l lat ion ftarini; 
th« p«rl0d 1969»??, r*poTt«« %5r HfpnMBi »id d in# (1975©)» «*• In 
•itp|)e3<t ©f mv finAin^, tit© ©«a©t oaits© ©f suoli Ax«©ti© ofeung© 
i« not Imotfnt Imt i t doaofwtnsto© Teify ol©a:i^ y t!i«t th© iatoiv 
pI«r3«ts3By o«maitloii8 i*hiolJ aa?© s?©©|>of>«it>l« for both, tb© dliiynai 
«r»l9©t»0T»y of ooflnaio swy int©»«ity ©nd tb© piom©gn©tio •A|^ «»ind©3e 
•ariatioiit Ittw* deastioally o!^ aJi|«>« *iflng the p©»iod 1971-75 • 
^•^3 <>a 4^Jterfrf^ 4iTt yifli ftWit^fitii tew i^lf^Mt TMiimtltt 
fli© 4ib9©rv»d -raltt©© of tli© fltaplitud© and p!i©©© of tli© 
dliiimal ©nisotvt^ pir foi* tli© pOTiod 19ti4-*7€ on BB and iSBWflS ©x© 
glir©n foip fiw station© in ffal5l©»-4»5(o) and ••^(d) r©©p©otivoly« 
f fi© intovatatioit aiapemiein tend mnna©! «v©m^ '^ alii©© of th© 
diiixfi«3. flaplitiid© and i^ lt©©© on W and WMm for tlio p©flod 1964<* 
76 li«f© l>©©n plottod in ^i(B^s©8^*4(©) and 4«4(d) raopeetlToly. 
fli© ?i9ir«9»4«4{o) flBd 4*4(d) roveal that for th© p©rio<! 1964-70, 
th© ph«8© of tho ditrniiA ©niaotvoiiy ©a IB wnA wms ivnains ©on««» 
tant t« th© aiiiTsathal dls««tlo«i a© oh©©s«vea tm CT', Howavar, i^ i©n 
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wi loo3te into these ^i{pi»e9-4,4(e) «»« 4«4(«) for t!i« p»vlod f9t1» 
76f li* HM that usGUlM lui e'bMnvH «m QB, tliA phase eMffc to* 
uttide eoxller houiw daring 19711 1^73 an« 1<*T5 i s s tat iet ioal ly 
not oiip»ifle«wt wh«« tlie ecmrmm o^ All ''J^ atatlono i« oo*i«l««af©a. 
Butt tbB phaoe (ihift to«ma*As «a]*ii«i* hours In t!ie ainmal i^ieo* 
trop^ tm W end ITISWH aurlB#r t9T6, the ^ear of niniwoB mammGt 
•o t iv i ty , 1« ^ t e procsiiwiit eimilj^r to that as ol»ervca <MI OB. 
Sigaifiosflnit otteniies i« ttm Ainrrisl Mplituae on "'Wf 
UiISNIfS, r^  TRigr lAse 1*e notioe^ fro» ^p!ures-4.5{e) «n« 4»9(fl) 
respeotively* where tbe plots for indlriAuel stetions are sfioum. 
It appeers fron theae ?ignre»-4*5(o) sua 4.5(S) the* no definite 
trend im the eptplitade of the diurnal «r l^«otrofpy o« '^ er^ d VfWm 
mt^ he referred* Wov^ erer^  •ffuriBic 19^5 there io a deorense in 
hoth «| sBd r|# airifi«J^  1972» there i s no oh«a«?e notioeahl© in 
r^ KfeersiM stfitistio^lXy sigtiifioitint deoresse i s 8ho%ffi In v^m 
Both r^  end r | resain oonstant duritii? 1975* But dwrlng 197€t 
the year of winirmm! sunspot aotivity, r j i s siifRifioeatly de-
•voastd uliereas r^ shoiw no prominaist eh^ifli, 
T% i s ^ i t e siiparsiit fsrem the ohserratienal resitlts ftm the 
iteMoteristios of the diurnal sniootrojpy OB QB, I^ SD, tid amd 
SEWMSf pies—ted ibove fn* the period 19<$4*76, that the results 
o« moRthiy/yoftrly sreraiie hnsis* where e l l the davs in a month/ 
year sze oonsidered (Agrawsl emd Singh, 1979h), are lioxe inflt^ 
enssd hy the sharaotertstioa of the diurnal anisotropy Tootor 
on QB, 
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It i s otjsepvna that the asapllttiftt ne ymXl tm thu T>h«M 
of th« ai«Tn«l «nl9ot3r>i*y eh«nm •Ifmlffoimtly frow fl«.v-to-«i«r, 
Hao «n^ 8ai?a%h«l (10^4) aM 1*At9l et al , (1<56f*) hav» 8t««le« th» 
fllff«j?«nt pararn«t«rs of th© dluimtil «ntl«otr(9T>y em ln<llTl«aolL 
4«|f» mn& t»>«y hare r«T»ort«« that thaoo rsapasBOtars tarn ftmrA 
dlffayont on ftay-to-day haals. '% haw aS.mo iito«!i«a tha dagr^to-
day rariatioxi of tfi*ao papowotoxti pairtlm^larly durin(^ QB air^  
T^ SB. t^ ho yasulta aro dlaeuaoed la tho followinir ^Snh-aaotiono. 
^•^31 P i g^lfft flsarg 
•^ ho oTplittido i»id t>h?iii« of tha dluimal sniBotTow <»* 01> 
as ohoorvod on a 'iay^<>-4ay h«Ml» for Kits, T,i!S, aiTTi and TT!5H hacvo 
boon plottad in freott««fl9r hiatomn*^ i« Figoro-4,9(a) for tha 
T»«3floA ftwi 196S-74, ?h« 91i!;uve«4«9(ft) ohowa th«t thoro ! • a 
•cwplability on a day^o-day haBlo in ttso diuxmal onlootforgr oa 
Q])« H«iwvtr» tho oboowod podtca in tha ditivafla areplitiido and 
phaso i s tha f^eruanoy diotrihution ay* oonalatont with tha 
tiMoraotaFlstioo of tha sew9V9m vmtmwti dinvnal usnirnGtrm^ on c>T) 
(fifi:art->4*4(»))« 91il« indiontos th«« tht ammal svovag* hoh** 
•ioar of tht dittxnal t^iiootimpy on a?) i s not a i*«RAon phmMnona. 
It i s ohaorrahlo tvm tho nitivt-4«9(a) that tho iwale of 
phaso of tho diuntal anioetvopy on rt) oeour noarly at tho 
hmr Aarljig 1968-70 «nd i t has shiftad towards oarlior hoars 
m t20 «• 
ftpoB t970 to 71 tffiA tCL99 ftron 1972 to 73, tMe oonolttsiosi 1« 
also true f©r p«rlod« 1974-75 i»« 1975-76, v^ tiioh 1« not nhmm 
hero. It i s aleo obeervable fjpoif! the ^i|93ix<e«4,9(e) thet on e 
da3r**to-od»y bsuBia the phase of the diurnal anlaotwRr em QT> has 
xeeo'<rere<$ duriBg 1974, '^ he ^eeventm in tv^ e ani>lituae of the 
ditirnal anieotropy on 1^ dailnff 197^ on a flay-to-day haala le 
aleo evident f*'«ii the Fi^!iix«-4«9(a)« 
Binoe the annual «99vam diuwnal aniaotr^y on QD haa ahown 
the ahlffe in the phaae f^ towarda eai^ier hoara after 1970, 
therefore, %ai have aeterrained the i!«jnthly average dinrr«l vee-
tora fm QB to Jmow th© t»r»olae periad, i f aisy, for whloh the 
value of fiS hem heen l a z i l y influenoed «id therehy affeotlnir 
the ammal avera^, "^ he i^ f!Mr©-*,10 ahowa the hamonie dial 
repreaentation of the monthly avorai9> veotoro en OT) f(w T,i?i 
dttring 1975. Inaplte of large fltietuati<ma from raonth-to-
BMRith, the T'l|?Rre-4#10 reveala a oontinwoaa deoreaaini? trend 
iFhioh ia ohviotta in al?»08t a l l the atationa, Pipwre-A.IO alao 
illuatratea that the phaae of the diurnal aniaotrcypy ia mere 
inflneneed during later half of the year, %^oh ia found to W 
true hoth at low ae %aill ea h i ^ outoff rigidity monitora. f^ 
Ofttiee for au<^ a large phaae ahift only during the later Half 
of the year t» 1971, 1975 and 1975 i s not underatood nreaently, 
4«252 9n Biiimtlg BtoiM §m§ 
9tm tfRplitude and yhaae ef t!» diurnal aniaotropy on 
i 
c 
u 
p 
** 
o 
^•> 
p 
o 
c o 
p 
o 
I 
r. 
t 
o 
• H 
*• f tf ^ 
USB a* observed on a d«y-to-«iar bftsis fw FIB anA Ti^ h«re hmvn 
plQtt«4 !» .ftwqawiifly lilirfcogww 1« tlgiswK4,9(%) fos? thi peffiofl 
1968-74. 1i» yigttr»«4.9("b) ill\Jstmt«B th»t t^ernvQ 1« a l ax^ 
^raxlaMlity on a dci^ t^o-flaQr t^wiis in Vm Aitimai aniaotvot>3r on 
USD* f ho vazla^llitar in tlio phaoo oa S^D hao "boon o'bsoxiroa mam 
In o^marioon to that ol»«oxv«<l oti OP* WaKOfoi'» tho eonolitaiwia 
Avmn ffwn tilt poalra in tha hi8to«v«n« of tbe <!iiumal oniootsKypy 
OB l^ SB (9ifiii«»4.9(b)^a3ro oonaiatont with tho xaanlto ohtalntA 
on on annual «fox«^ hasio for tho Alni«n4a aniaotrony <m *^!^  
(Wl«ii»-4.4(h)). 
•^^  TttMMilmrt imtL %tm YirtalAflB to tojmil utftqtnmr 
*lia Mfiitiw) Bionltor Sfoatilta on aiffofant tytnia of Aagro Havo 
iNMm pToaontad in tho px«o«ding ^otiona, fev tho poxloft l9€»4-76 
with a rioif to diaoaaa thoa in tho Xi#it of the romilta ohtainoA 
hy noiityon tsonltora ^ yoaFly mm-mm "b^ oio iiho*o all tho «ay« 
in a yoar oxo oor^ aiAorod as woll M tho sooulta haaoA on %\m 
ohaoxratieiMi tram othor dotootosv* ?ho iaapoxtanoo of tho roeulto 
ystooMttoA box* is that t h ^ hart allowod xm to ohanip tha oarlior 
eonoopt of tiaio invaviainoo of diurnal aniaotipopy partiowlaa?ly on 
OS «kA thay aay al«o ho oonibinad with tho xovolta ohtainod f^ ?en 
I^M hlfllli Movgy dotootovo to doriip^ n»aiiin«fUl owwnr opootMl 
fliuu-aotoviatieo. fha yoaalta ohtainod for tho diurnal aniaotropy 
•B QDf oo««idori»« €0 digra in a yoav» axo ao an«h infomativo 
«i tho x«iwtit« ohtainod on an yoaz^ tBtmm ^osiOt oonaldorinf 
LEE 
•« u 
*'* f ifiiSi 
•11 ttw diors in « y««r» f»r •xamlninff t!M tiac i^-o of ttMi dittsmal 
•flBlsot«yny, ?!i« r«flralt9 ft» th« aiuwiil «nl«otropy on 0!> aiirln^ 
•ho poirtod 1957-58 honro aloe *oon AorlToa (pvooontod in cnioptoi^ * 
yx) mnA tfeooo oro found in wgximmmv^ with tho oonoltioiono fov 
tho ditimal «ni»otroTiy on OB anrinir the tiorloA 1*^4-70, fhoro-
fos«, thio ellowo no to ojrtond tho poriod 1964-70 to 1957-70 
whoso tho im^azlant nattxr© of tho ainvnol onioottHstjy hoo hoon 
oheezTodt for tho pnvpooo of aiooueeion, fhwo, durinr tho 
Ijoriod 1957-70. tho nowtron !nonitor ohiMSTstiono h«ro ohoim 
the invariant na^txo of tho aiuwal aniootrotjy with t ino, nhofoo* 
tho high oiwiriiy rt«t«otoi?s (?wson toloseopo ohaw '^fvationo) h©vo 
alvays a^ »owTj l a x ^ ohangoo in the dlwmol arlsot«f>F dttydnipt tho 
Sflme p©x»i<>a 1957-70, Whioh woro ttooolly ottrltratod to atwioo-
phorlo tofT^rstaiPO offoots. th03?0'^ oiro, the oontifafllotlon hot-
%raon ttw ohooirvtttiono povfimaod at noixtron and rnooon BMrnitor 
oBoxtBrioo i s only «n qppwimi om and io o%«ovvoa ao a oonot-
gnonoo of tho n^arlcod onoxtgr Aopondonoo of tho long torn 
•ariation* 
^ 0 aotttvon nonitoif oboowationa havo ahotm a sii^^ifleant 
ghift toiiavda oavlier hooira in the phase of tho dinxrtai «ni»o-
tifop? on QD «t a l l tho otationa dovlnir 1971 for tho firat tine 
and no oignlfioant •axdatloin in ^ io ohoervod from 1957-70. 
fbezof(»Oi the oltaoiratlona avallahlo for tho neutron sonitose 
opevatod befese 1957 avo of groat eignifieanoo for deriving 
•ajr eonolnaion OR the long tern variation of tho dinmal 
m "185 ** 
iMTUMi It 16 worthwhild to di8<iofi« th« jNiifalto prior to t957, 
Th» enr«r«f^  niofithXy rm&tev» for tho T50rlo« 1«)53-54 «ro pvoMiiifeod 
in hasitonio dial for Ohleoiso mnitron tnonitorlttir sfetlon i» 
Figuro«4.11 (Sinp^, 1976)» It 1» obs«rr«blo from the '''li?!ii?o«4,11 
that both tho diurnal irwlitiido «3id ph«io htm olenifioontly 
ohan^d durinii; thlo poxlod whloh Inoludos tho mnmpet mlnimm y«ar 
of 1954, 's'ho p!o«Ft intorootini; |>oriod im Jia^Soptortbor 1954» 
during vhloh tho i»ho0o of tho dlttmol aniootvopy has almost ro» 
Torood (£/03 hours) f^ ropi i t s umxol tS«»18 hmrm Airootlon (iUtso 
soo Conforto &in& ^ixtpBon, 1957| Vortkatooan and l%ttiior, 1959| 
Marsdon noid Boflna* 1959)* V^on thooo rosults It i s ai9i>ttroi!it that 
tho noutron ifionitor ol^ ooxfvaitimis honro ohoim a slipftifioasit rodno* 
tlon in %tm diXnrmiX aRsjilitado as wall as \nvf» t^ haso i ^ f t to 
oorlior hmxtm In 0^ prior to 19!?7f whloh i s ohsorred anaiii 
sinoo 1971* 
I t has boon proijj^ oood tlMBit duo to Xaiotc of sootor stvuoturo in 
tho I,M«7,, tho tmomLLm9 dtamsH Tarialion vith 0^ • 93 ^ ^^ has 
boon o«i8«d dorim *fv^1j to f^tombor 1954. "Phis htM boon oow-
fisiflod by Thoiisoii (19711 197S) frem tho goomai^tio f is id doriTOd 
X*K,f« po lar i^ data ohowlnii; that tho wagnotio flold pointod 
•siMrtaflBtljr *mmy* tr&a ths 9ait during!: this |»oriod» A similar 
sitmEtioa has also boon raportod for tho porlod ^areh 4 to April 
t t» 19(S9» psriod of niiiiiifaii solar aotirity, i^ uira tho I«^*7« 
IdMNisd tiaidiraotioiial polarity (Antonuooi, 1974), Howeirort 
during this psriod no s i i^f ioant ohsnip in 0^ hm boon obsorf»A« 
AiMkAllfcrt 
yig« 4.11 - The monthly diurnal vectors for th« 
period 1953-54 plot ted ead-to-ond for Chicago aentron 
monitoring s ta t ion . 
* • f ^ ^ * * 
hmm •iQ>lttiii»4 Svm to tht wcisteRoe of •aathwvpa f^sfoAlmtt of 
ooiPtio incr i»«rti«l«« Ml th« i^ 'Oarth was iMltm th« solar ogu^toviail 
plttiM dnylBg this porlod* Ao a oonseeme7i<»e of i t , oosntle nor 
otxoarsing should oooiu*» tmt ofipoeito to that in 1<?54 snd honoo 
ean not bo oosllar rooolvo^ twom tho ooifotatloBol asnlootftipy* 
7h0f<of0vo, tho situation slMloP to 1953-^4 Ohonia bo oboort^a 
auxdng the pi«o«nt solar winlnwrn poriod 1975-76 i f SS-jroor wwro 
i s iM*ooont in tho M»i»<ftvmj» 
Wo hisfo, thosof03Pe» naSo an attonqst to ooo whothov thoro io 
«ny 22-y«ii3? porioaioity in tho aiuvnal anl«ot»ony» Anft i t has 
iHion sitoooosf^lly shown in t!M followlnir aiaemssion on tho haaia 
of tho anflO-yaio of th© data on OD that in fact, a pariodioity of 
?S*-y«ar oxiats in th*-* ai>ijmal anlootxwrvy of oo»nlo i?ay intenaity. 
Agrawal at al« (1977) have invaatif^atad that tha aoetoi^-
atxuotnvo of tha 7«^«7« AewlrmA trtm polasf niagBOtdfiafW 
(S^valisaaxdt 197?) shews tha preAomimmt^ of alncMit ttnidivwotioiHil 
aaetor from July to SoDtonihort 1976« Tioiiring oaiAa tha mixod 
polavity aayOf tho proaoniiBanoe of *mf9j* polarity days has baon 
poiBtad oonataintly *a»ay* f^ Eon tha Bitn* 
Tha obaaf<vod apmlitodo and phaao of tha diuxnal aniaotreny 
on CD for tho yaars 1979 and 197f^  harro shown aignifioant daavaaaoa 
in tha «q»lit»da mA larea phaaa ahifl to aarliar hoora* Tha 
•onthty •ootora for tha dinmal anisotroiggr on OB daring tho 
poriod fvm 1975«»7^  for Tokyo (Itabaahi) aootron monitoring 
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hacre tHwrn plotted esitd to tn* la ^iPUiw-4.12. "Pht flgowN* 
4»12 MTttale ttio •xtrao£dinav;!r bahenriour of t!ie AiumaX emi»o» 
tropy on QD Staring 1975-76 for oop»parioon with th« ronthly 
•ootors &\xvlnfr 1955-54 girwn la ^lgiiro-4.11, Tble Is <|ttlto 
ftpfpsTont f » « ttMi 1t^i?o-4.f2 thist during Jttly~flopt«m1)or, 1976, 
tho vrplltudo of tho aitinuiX asnlsotirow OB ')T) has dlnlnlshtd 
by $L faetor rao^^ than 2 of th«t In 1970 oM ILLSO the phoao ha* 
almost xwrorood (JTV O? hoaaw) fi-o« Its usuid 12 -. 1*? hours airs©-
tlon. It glrmm an Idss thirt ths situation ste l lar to 1954 has 
definitely hwtn oeotirred during 1976, whloh Is obssmible ^fiwn 
a systewatlo and dstailed analysis on loni? term variation of 
diurnal anlsotrtwy on QV Is perfostwd, I'berefore, It olearly 
etnphaslsses that tlie loni? term variation In the dlamal anlso-
tropy has ths 22-3r»ar perlodleity. 
In support of our results en ''Dt the analysis* whers al l 
the days la a month/year are eonslrlered, has also Indloatsd that 
during the period of Jul3^*?ent0mher, 1976» the Mfonlltude has 
deersassd to one third of the enrerage value for the whole jroar 
(Agsmral St id** 1977)* nov9ever» no ti^reelsfble ohange In the 
value of j^^ i s obsenmd during these 5 months and alsot ths 
arerage monthly dlttmal phase has n&vftr been In the early raoTi*-
lug hours during the present solar iilnlnum period of atstlvity 
••ir«f 1975'-'76, on th9 basis of ths snalysls ifhere a l l the days 
In a month ax« oonsldsred (Agraiwa et al*» 1977). "Phis way be 
das to ths faoit thct days with aibrupt fluotuatlons srs ^i i ts 
< • 
"^  \ 
1 ^ ...... 
p » 
a 
tss* 
ffttsmn^ ••p«oicll3r in the wmMfm ef ^vHy «Bft Augovti If7$« 
fhat!bya!^tll«l «aa miiet (195?)» tvm th« «ib»«3W«ticms of 
fs?Q« 1933 to 1952, for t!i« fiswt tiam mggtv^*^ that thmp* 
•x2«t« A SS«f«i«3P iirK^ « i» ttm phmm of th« aitomaii «!ii90t»7pr» 
$l^ # tb« «y«t«NKtl« ant oontiiBiotui o^Mxratiotis ««5o ^ Oaaentgio 
In«tituti(m l<mi«slloa obMlbeiw «« volt «» tfinmwm^i&m tal^ wu cfe 
or Sf'^ jroar i^idoiioitsr i s jS| (t«ri3»!i«i «iiA laiio* 1933t BmnSbtmi 
«t «Lt*t 1994| B^wmmiamv «aA Ohort* 1953)• fho ob«02fi«d v«3»i»> 
tioa in tho tlttmoipL anisotztip^ ¥»oto» idtli 11-y»«s? |)»rloaioity 
hits hft0n giEMisid.Xy •xploineA in t«s«i of «rtt«tticllo ip«riiitio» in 
th« tip]p«3* oatoff rlgiaitsr i#ith toliup <»^ IOt leaopinf tho trm 
8pft0« ipplitttdo olsotft oonotont, 
f^ loovon (1969) m^ fewum mA C^ looaon (1975) h«vo si<von 
tht OmKf^Xtfu^'HtttBltm «^ol to •xplain tha ooMio twsf iitumia 
«aieotvo|^« iloof (mon^ osA Hoohia (1969) # tox<l»ith (I9i7« 19$9i 
1973)t VorlRioh «Ba BooQh (1975) ond X«i7 (197$) h«vo thooxoti* 
Qo3J^  txj^loi^ th*ifO ohoorvationol xoouXto tegothos? with thooo 
for xooont payioAo tgmt MOOOB iotootom* fhoiv sodolo oxo 
dioouaoot in dotoil in tho following Sottiono in tho «ont«art 
of tho foeottt Tovidioiw in tht Ainynol ani«otyoi9^ on <$!» «o 
m f 2t m 
txcq i^r i , Xt •onrttiiMi tli* •fai«t» istm tm «onf*«%icn« fitlft 
gmMMn% «Bd tnr 1^ xtpx«s«iit4d «• fallow* 
_ _ JKu - 3*0- - ^ » X i 
ifl)«iet i^ i« tilt <Hs«v««tl!f* i^i^owtxt €Lmm t)i« div#0tia» «f •olaof 
» j^ «f thi iwiBtti« f i « l i i O l ^ • d j • s^)^^ In tn* •«li9ti.« 
flaflM] i f id tte tty|i«l« •^••it i i« tiM iwtflov Atiisitsr fpi-tAiinst 
• f e90iii« m99 i^ ^ ^ •eUlytid i»liaMi miA t^ $m m t f f i«t lvt 
tMwnrwsv* aifjfti»i«ii •Mff i« l t i i l , 
i l l * ««iitillRtti«« ef laart two tox«« <»• to i>«i«f«titi«i3.«]f 
^timim «BA itmiitar famftioBt i t ixvtttilir iMatlX MI «fiiis»«itft to 
otl»y t«]M»« f)»• tSiiiao oofxvoititaMUlfl^ioii tliooxgr ^ftmm ttio 
lAit tvo to'isit iH' %icli«i>^«1 «rt »ift mmmiA§m$f ittm IMMHRI 
foofil intiir memtiafiit In oxiplciniitt tlw «i^£ift aitumol afniootirofgr 
in i i fwr ttw fosio« fMn lf$f»70 onfl f ^ s«|ositr • ' ii3r« !» m 
fwe m aiQr«ti»a4tr %«ti« ^mMm ot i(I«^ « 19t2f • !» • t t^u 1 ^ 1 
•» 120 * 
inasttli «t «a.,« f9T4t ttm^ 1974)* fliR aoa^l l« atpietvA In 
tlgi}z»«^«15t to meptem tlm iiowiiMiitl** i^tlitx* this iiliq>l« 
eos^pt of oimwtation «nft difl^ion i» Also Ainpiioftl)!* foxf tht 
ptiTioa 1971«76 wlim tint lOrngta^^wivtiMt of tlio Mttxma snico** 
It has Itooii otNMwoA foi^  tbo poxlod 1970 onwssfd* tluit noltliisf 
til* oolttp «i»ft inoiooity litti ^tmm^ ^rmef vtcalfietntlar nor tho 
7«K«f* aifootioii to Aiflozoat f^ Kxa t)io oxiwotoa Ax«hl3M««on 
opina •» olkooirroa osi-aioaf ftnrinc 1957*70» thoiiofovot in tbo 
«%s«iiot of dixfoet im&sfaxnmi^& of t!w aifftioioii tonooif o« noli 
00 t2io donoity groAioiito ^otli i» mA out of tlio ooliptlo plono* 
It io not pooott»l.o to iiM t ^ imlotiiro oofitx^ ltmtion of tlio poi^ * 
l»oiiaioi}t«r Alfl^ ei«m «E^ tomitj gxmdioixt tox«« to oxploin tlio 
©baosffoa ^rotiatieao an^tct 1971*76» 
Wo mgf toaiieo tho oolor niinA ^olooity tern fbm gtoaogiiotio 
i s f oot«(l>2lil»A osqpsttsaioti CSx i^^ ir ot iCUt iWS) 
fliio aoj^  %o oooA to Aii^^ tlio flolA wXimm^ notovo of tlio 
diflHoiin ipootor OB tlkt booio of ooBf«otloiMli^!boi«n MAOI, HI 
thii moTf t ^ $lMwo ohifl to ooitior htftam f9» tht aiuvnol oi^io* 
tvefsr MOT %i naioMtOttt «o aoo to 
(i> tlM onhmntat of tiki oonvootiTo irootoif too to tm 
inexooio Im mH^ U^iA iroloi^^ ooooayonioA %gr tiM intfoooo in 
NONBOUa ^ ^ 
TO SUM 
C * 5 £ 2 EOUIL-EARiy TIME 
RAOlALAhBSOr 
g^.CU^ 
CASES EOUlL-LAr€ TIME 
EASTERN ANISOT 
^ IKIAGNETK: fmJD 
(W^^Bwj ^ ^ w ^ ^ ^ W 
XOROfATION 
DIURNAL 
\ VEaOR 
/ '^MAGNETIC FIELD 
CASE 2 NON-EOUtt. 
.^'^^^MA&NEnC RELD 
CASES NON-EOUIL 
^-C-^MAQNETIC FIELD 
SOLAR COSMIC I W S GALACTIC COSMIC FW/S 
(b) 
fi'S* 4#15-» Th« propoMd uiiifi«a ooaveetion-aiffttBlon 
| | i i j , p ^ | 0 ^ , tti# eoBiiio ray anlaotroplsB oboerred at 
» 129 m 
iney«Mi« in th» iraa.ii« «f ^lAt^ • itfhiGh will !$• •06e«|»«»l«a 
\(f d««rt«*« in «| i»d «i«Q atemtt* in ^^  * e» 
( i l i ) i f liotti ef t!»M o|^ i*«t« miMkttwmmmtf 9 thm aKplitud* 
9f tilt dliiiiia3l «fiiaot3fO]py MCf X«M^II •dtuptanrlf •Mfliag K| t9 
Mmmwrn^t m tm tlbmmwtidif i« figax«»4,1» uliidti vlioiiv th« 
v«jri«ti<m 9f JL«»iad«x d& QB ffupperttA ligr t}» KTAilftbl* *iti mXta* 
tMtmkTmm^m on •olur wliid fwlooitj^t i t i s i^ pipixcBt thict t^mv^ 
i» no flDisr aifoifioaiit isieimmm tittitv in tl» ir«lti» of k^tisAm% 
OS? tiJt solttP wind ir»looity on QS dttirinf I9T0*71 lisd 1f^-73» 
It iipp««r« tvom htue* tliat tiM fliM* «Mft towaiNIs t«fli*i* bovtrt 
during 1970*71 and 1972*73 i s not emmt Ana to tl» T«7i«ti«B 
in tho motmr idnd wlooitjr« fh«r«fov»i tli» inoxcaw in tint 
•Alio of tx/^ii "'•^  "^  i»«9on«i1>lt foap o«a«inff tlio lavco P%«M 
•liift to ottrliov kottxs of tiM Aittmal «niiots*opgr on ^ Anrinf 
1970-71 and 1972«»T9« fhia pvoriioa tht airidtnoa for tte aigai* 
fioant oont:i^ lRttion of tl)a iast two tazmi of tha l^ icuKtioii-4*1« 
foztliarf Iftofi»g in flav tba poaaitiia ralationaliip liatvfaan 
Ap i^ndax aonft aalay ninA valoeity, aa diaeuaaad abovt in ( i)t i t 
ia axpaitafl t ^ t in anr Aistidtyotiont tha ineiswaaa in Ap i^ndax 
•uat xaduaa t ^ Taint of ^.^ fhia ^liarioor haa t)atn oGnfimad 
1)9r til* 9'bmwr9^iwm fmv t^m ptviea ttm 1965*70 for nOi tb» 
tt«tttyc« wonitoxliit ttidiefm (llgiif«*4*8). ffeii«v«v» t ^ 
ii(ppmlt9 mla^Uma^p lwtif««n ^^  "^  |i | i« B<>ti««a fvm 1971 en 
AhMftiO^ ai tiNl !H, ffeiriUnuim «na f»OH 1979 m wSH tfm stsltoiui 
niuic]* 9i»Mi^»iflleK» i*«» > vith «R iii«M««i vf A^inSmt t1m 
raJom ef p^ ineammmm* 91mmftnm$ tliis IstluKilfm]* mm •fain 
mhmm ttm^ t te lat«e<pl«!»taa!r Mniitiifni Imw •1iini»li «»w%l^  
««3.l7 for tilt f«sdod 1§71«»76» tnaid«tiiif %tm% t)i«v* i« l>«tt«» 
«t«oeia%i<^ of til* ^•tmfim» of tb* diiureal wsaiMoitTopy vltli tli* 
Ij^ /K^ , mofim 1971»7$. 
<•) 9*»%iMil& <19S7» 1969» 197?) tmA foi^Hm^ mBA Mrn^ 
(197$) liKf* 9xpl9$3m^ Hbm tmig t«a» vts^isli^M iM %im AlwmtS. 
m&iwtToffy m cib9»rf«a ^ M0k wmvgy A«t«eti»ni» tliif licrt 
pv0t<MMi tK«l tilt tot«l Ait^ nua «8i»ftv«i^ iwitMT %9 iawftuft 
«f tii9 i^««t«| •»• •oiipMimit W ifldoli ! • i» til* Aixwitica 118^8 
f^ NH %\m 9mh»Wmi^h l int «ift tUt tittmr tmpmmv^ 7 «i 9 0 ^ mt 
tlw 9mi»aiftli liM* tht v •M^«nt»t vi3Pi«9 with a 9«vi«4i«lt3r 
• f t^y««3Ni mi 9«mi«« ttenNigli t%m tsMtslaw vaXut tfliMi tun** 
9«l«iiaa ftalA «lMitt9*« i t s iiaevfltioB* fliit wtuOlar ••MHW 
Attsd^ ttt^ Maiar ftctiTitr miadaiau if«iNiv«y« aootiraisf t* 
7«i^l^ ftf79)i y •m^mm^ yamHii tlupoHieii ttv* in tlw srfgr 
19711 ttaNKi inavt 3.«l«y tlMoi tte ciq^itta ytrio4« VM« t t l ^ 
• ! § • • vitli tlM Bm*» ftflailty fflisaf* vliitli •••ttmA im l iH # 
•• "131 *• 
^Amn tht 8iiii*t Btzth i^lttf fitlA «hii»gta fvem tmg^if to posi« 
«iY« inluti (Soir«v4« 1912 >• ftw otbtv empmmv^ 'f^ ^^ nxii** with 
th« ]^»sdodiei^ ef «se soSlaar or^l* (c^  tO«*3^«»)« BflfwrirviPf this 
«od«l i s not m^mwrnf^l in •xplniiiiDf thi Ttxltdiemt found in 
th* Ainmaa, imiaotspo^ MI <|D «» o1»Mi?f«A tsgr Mutvon iranitot* 
ano to followlag mtmmm 
Ci) tilt iMrplitttit « ^ i^hmm of tlHi divmaa wisotarapr «& 
ai> h«v» jwMiiviA psnotiotilj tonatgnt fey tt)« povlod 1957«70t 
nfioziMi tbft aioiol fvtaiott «o»ttiRi0itar una tifpiifieaff^ oliasg** 
in 1>0t!i «! tsia |li| «K«l»g this iMirleAp own at ntutron HHMBitor 
( i i ) Ml tbo eo^poaont V pwrnrnw iitmrnt^ wro l» 1971» ttm 
•arifttioa in ttw ampliMilm WSRA tbt $ha»o of t!» Aitisnsi «»i«o» 
tvopy on ^ in tlim adjoining ^mm 1970 soifl 197? alioaia ^ of 
tlio Bmm oydtr • • ooMjpavoA to 1971« Howovor* omr wuOysia 
•howi tluel fo3P diuxnil oniaotvopgr en Ql> tlwxo i s litfffi plMUM 
shift tmmx&M osxliov hoom «t «31 tho aontvoa Monitoring 
statiMMi piffiitoft %9r tho »•••» aonitoM «i«oei«toa ^ t h oigni** 
fioont 4ooyo«M in ^iplititdo cfe highoy onoxisr mnfO duvini 
1970«1971 with l i t t l o or no ohonio dnvinf 1971«-7l» and 
( i i i ) tha loaolntion of tha Aimmal aniaotveipy iwotor in 
tuo aawfaiii»ta» i»o«, mm in tho stamft Z.N.fdizoation «l 
tha la>th*a awRfaoat anA tha othav in tha oorotntional <Uxo#* 
tiiit» i« oalr haaift an tha oxpoyiaantal ohaaxvntionn of tha 
m ^3g m 
9«fi«At«it3r of lone tmm rmrUi^ltm iM thi$ Hwenta, mnUfvtttrpy 
teit tint M i ^ •iMSffr ^•t»«t»i»« 
«li«% V eoipoiMmt mtmrnmrn it» atioi vidiit of mn Aoring ipx^oiMly 
tilt ««ii r^we In i^ hioli t!it St»i*« pol«3f itacnttio fltlA i?t«!t»i*t 
i t s Ais«tfli«9i» RoiMiWt tliic i« i i to not ifi •ooevftcBOi witli 
O&Sf ObSOXT«ti03&» «»i tte MMORlBg giVOIt lit ( i i ) tibOfO* 
<)>> i^ Bdisr «nA RooliiM Cl9^9) • oflor •jcmining ttto ionitatien 
olianibtif Aailftt • • tov^ Mob did» oma oiloo on tlio %asio of tliiip oim 
ohmrvt^imm to&wii «t Kaanefiooto^ y ttcvo oonelisAod thicfc tlio iocl**' 
amttua otzoaalng ft?onj tl» «orot|Ktieaia dirtotion (90**8 of tho 
ton-airlli Hut) mxr bo mofilflofi % tlio aaAition of • holiooistrlo 
x^aiox ooMpoaont of otvoi^dsg alvisro aifootoa Atfigr JC^ i»» tlM Sun. 
f ho isoAol oogitsto thiet; tHo oooiiie vtsr postioleo hwt<m etmr oooooo 
into th§ float of ooiiftfo fpon lUtglior IttliolAtitnAoo o»A thoxo* 
foi?o« m ootirori mi io l otsoaiiiiii« ooyoxd^poooi f» tbo osteitliol 
oompoaont oay sooult vt oovloin poriodo of tho mtUme oarolo* 
oMftiAc #1 to oovlUi* liointo oni oiiioifl« m tnovoooo in tlio ooai-
9«r xotnlto (pxtoontoA i s (nugpttx^ T^) 1»aooA on ntntvoft mml-
toF i«lo« ftv tte yoi^od 197&>7f» olioif on inoxoooo in tlio vOluo 
of tlM OT»%it««Ot i |« of tHi oo«ii*Aiimol oniootvoiT OK m i j • 
footov of tvo to oooooittlioK wltli tlM It i f t yliaoo ohlfl towaiHUi 
taolloy iHUSMi of tlw Aliunua ooiootjpopgr on O* ttoooo vooi&to 
0X0 in ^puOltatiiro oiioonoot %ritli voMol otxo«iiinf 3s3rf«t1i»oio. 
m 155 m 
of y | MHietUdtA itittk tlit olwtrfvi dttsswasft in tlM iraluf of ^ 
tcupii^ f912^?5* ffeu?%te«» nMOOxAing Iso tloljp ttoAol t)it fMo 
mpam wiplitiido vagr iroxy eontlsaoasly t^i»*i«g ttm oolur «y«i«« 
Oii» iyotMictio oi^iiaontail olwtvmtiono on O do not mwt^ 
thio ffoAiolion* 
Co) %iOi8tl7» %gwy <19?€> l^ io fvofoooi «tltoozotioail aofiol* 
So h«« ea^ pnxtoA %h» p:ropojp%i«o of tlw S2*yooif meto t j ooaimiiii 
ttoi Hoot fyoDiifelo Urtoxftsiivtiaegr poronttovo* Aeooi!*6in« to tMo 
»odoI» on oda opoMtsar iM tlio X«1t»y« oboiit tlio ooXoar otpctoriail 
ptmm tta^r p2?od»eo tht aoe1»lo ooioaf ^olo viupivttoxi in tlio Ai^ oxtioai 
«»i«otx>opr« flsft oolcr ftold o«oill«too %^  olionisini i t s sign i s 
wSnGut %i^ymm »o tbut tlw full ooloa? mt^mtte «grolo io •iipraget-' 
fliotolgp 12»f9mmm tl)o Z*it«t. «lii<i^  io an oxtonoion of th» ool«r 
fiolft tluramgli tin into^lonotugr opuoo 1>f ito o<»ESV«otieii tlupoix^ 
•oloar viMi vtflooto tht lavgo ooolo oanMotxy ehosniotoilatioo of 
tht oolov fioia. B^ oofoaiiii tlk«l aocaotio f io l i in ootfH lioaio* 
ptexo of tl» ooloir sogMtio oofi-^ htm tlw OMM onroxofo OOMO «• 
t lo aofootio i^olt «l tho solar IK»1O» tlio tlMtoxT pfolUots o ntt 
alfvotioii la tlw iiiootloR v X 9 of poiitivoly otuvvfti foirlioloo 
vttH tsofootovloo tlurt OMOO tlio i«foml«i li90v i» tlio oolov 
OfiUElMriilL fi«Mi« Vlioa tlio aoxtli T^me fiolAo oco Aixootoi m*^ 
wiffft tbo mimt^wmf^ iifm«H>Hio to m otvoaoliif of postitaioo 
^mnat* i^ MK tiMi 9mtkt mA t)» otiioo vovosoos yimn tlio mUmt fiolA 
«OVOmOt« ISl^ MRiiMtO itOOlf 0» Ml MHOOtVOfT oi«Mt tfelO 
- « • 
«f t?!it« 99tmt ttagnttle iif•!• itfiisiitx^^ tnexvMWf «it% #!ii««sr« 
fIw fftwiltt f3raii ntiitxvm mmitor o^pizvidioa* f«r ttit t i t ix i^ 
milMfftiemny m o:^ pfmmt&ii 9mAimm Imm a^mm ^%»aafl3t tlsst tut 
9hitt la tbt ^i«Mi ef i l l* itninia. «(ii««|ropy en (B aoviiii 1970-
71 is aassiines f«r law I « U t ^ t attxts^n 8w»it«m liSc* JQM*i«1»«A» 
f olgro aM I9t« Wai^ 3ms» ittiitvtinii tlmt t M tmli^m of Kli* 
•o lw mipwtie 9ytllM «ni««tvopgr t» aof* inr High mt^ff irigiAitar 
stations «s isntiensi slNyts es eoiipsMd to low ««it<»ft r ig iAi^ 
staticms* 
Our nmtvm nsnitov sssults* *MP tlit ptsfioft 1970 mrntofi* 
iflisii tidcsn toittlMn* ifitli tim n'immpn^imm prlsr to 1997 • «z« in 
Qoslitsli'vs sfjtssjint with this noAtl. ioMrv«v» stne* tht 
syststtatis rn^vm olftsyfatio&s «t idLAs3y aisttt^ntta points 
svs wnS.lMM sidar thssai^ 19$7« tlisxsfoxt* s sontiimsiis mitsli 
for Itetlisr ysi^ oA is ssss»%i«lt «o M to tost its irsliAi^, 
fiurtliS9« ^w MsssxsMsts sf offHieUptie int«ippl«Mitiiigr 9«r»» 
astsss i^U also IM tMisasA to ioxlw t ls vsiilistis •s l^s fs» 
•m^mAttm i«lt]i s%*tvfiflio»s, ossiitiKtiTslyt tiM soMl is 
sHs to saQiii^ Will SMtyoB ss moll as Mssn slksoFrslioBS* 
m f ^ «» 
1« tli« tisii^litiift* of tim ASnmtSL anitotifopy of eoanie migr 
ietcnsilir ea ^ hm vra«i»Kl fVft«%i«aill|r ijiraviaiiit €itvlii« tht 
p«3rioA i^f«-70 (A /0«4 ^ tB ^ • M ) t «Bi )^Mi MMill lm% •igBifi««8t 
IHiyiod 19$4«45 mQr %• «iia*n!tooA to *l«xmi of t\m ^mriittion of 
tiyptr onttff xigtAitsTf \ |p^* ^tyonA iiliioli ooimio m^ faztieloo 
flo not eovotaelo* 
3« • •aiAS. ^oxoMM tit tlio ifiplitttfto of tb i fllmnttt!! tnife*^ 
tvopr on ^ i0 iCLoo o^ooipfoe on OHIL tlM lotitst^o dnxdng f97f*1%« 
3« tbo doeioMM in %}m dtusmiS. MiplitaAo on Q2> io »oxo 
jpfommnoti tuyini f97S«>7€i tlio i^yioA of alnlwai ool«v oot lv i t j , 
f Mo ira»l«lioB to not ooofRmtad l^o Igr « xooooaaDlo 9^ku»» i « tlM 
Tolvo of i^slAi'^ •yo«%x«H or iL^f# flurttexrt tho aiuxiudL M p U -
tnio en OP io voxgr loir Aovinir JNiljr*Softoiiitev> f 97€* 
4« tlio flUMO of tho Al«3mi3. oniootvepy of oomio voar 
imtOMiitr on Q9 hot sosoinot prootloolly IwrwatimA tttcinf t ^ 
fovioi ti$f««7« (oolMitli^ Aixootiott o»/v^19 luyav in opoeo). 
fliio,tlio ^biormotoviotioo of tlio ainim^ «nioot«o^ on QD 
inyiaf tlio foyiot 19f7<-7d ovo in owjploto ogsoontnt with tlio 
fMi iOt&OM of OOIffOttiO»^lffll«iOtt tlWOI^* 
m ifi$ » 
imiiifljr sMftiiig Hd ••»!li«ir lioazw • • if« i^ l>ttele to 1f54 firsn 
t957« Jli»Ot m 1f54» th* y»«p of iidiiS«cui mAwse «otivity (22-
2r«uw ««o than t97$) tlw fltamal I^ IMO io etisoxv^A In tbo ^ 
03 Itonr AUMotion ftS«o«l«l«A idtlt ooswttftstly *ieirir* iatoi^* 
€• agtiKt 4liii^ii« th9 iooXialiig pli«so of tbo ps^font «oX«p 
iirelo SO 9 tho fhtam of ttie aiisntia Moisotsfopgr on c^ tiso vtoaAllr 
ftiranooft to osxtiov timm •i»m 1971* fbo pltaoM oMft l iving 
197f io fo^d to %o loifigty «l o^ctoi lol stotio&o «• oomportd 
to otho» iit«ttono« 
7* t ^ plmtm o M f l to oozXiojf Houro to tt03?o px^ mwmooA I A 
tht y««»i 1971 * 1975, 1975 «at 1976. fho phwm of tht dluxnal 
•aiootyoi^ OR ODy on noetlOy mmrmm t>aol«i iMi ^oon o1»«owoa 
in tlio ooiFSjr sowlAi li«ii»t (^ 05 lioav) dosdsf ^iT^^iptoiiboy, 
197€t dtt»i]if %him poriot tlio X,!f«f« io gS»oirt po:toti»f *«iniQr*» 
lOMTinc ooiio tht Miaeoi poloa^ty d«9«* 
• • for t)M AiiuRua «ni«otvop3r on OT>t tho yi i^ditr oiepo* 
aoKt O ) IMO %oon ootitt«loA to %• ^^  0 • 0»f wltli ttto uppoi* 
l l p i t ^ i f y i f l t i t j r 1 ^ ^ ^ 100 07, for t$io poyioA pvlMP to 1970* 
tov tf71<»74t i hm %ooii oottmntoi to t>o ^ « 0.4 i 0*2 fov tiM 
OHM TOSMO of t lo npfov l io i t inc s i f id i ty , 
9* tiM fliooo of tlio iiiisnol oniootro]^ «A MID lAwio t l i * 
ira&iio of JU^Mtmt §m MghoiPi i i foinU to sti i f l toimvAo ooi^ioy 
•• 1137 ** 
C0 tfimm tlm rtlum «f JL^SM&X in low*i»» «n i l l tfut «t«lloii« 
ifliicife is noxmaijr •xptot«6« ?ov t!i« ptviod APOM 1973«7$» tliis 
v»lati<»MMp tits ^ooM wmpt%t%tj vppmti^ m wintht 0t9i^iw»t 
i«««, tlw ph«it <»f tlvB aittmtl tnitotvopjr «» I^ B «ltt«« A^  i« 
higlKiry &«i sidftvd tewavis l«l«y IUMUNI 1ft tfMQ^srliOB to tli* 
phMt ef th* iiiumiH aiiisotiroiir on QD nfisvt iL in loiiti^ * Hoi#» 
•W3Pt AhMiaidMiA «RA 1ft* Xoyilctirik mditstm scmitoHsg •gutdoylal 
•titioiui bar* •tuyim this spposits Mltttivnshiy tMitvtsii A^^ « ^^  
sttrtiag fv«i 1971 onviFas* 7h«««fox«y ttw xsIfttleiwMp ^tifs«» 
tilt iL«»ind«ic «sd tlis Ai«3fnt3L anisfirtmipr i s not iiwa^sBt a»rint 
ths sntiw iMirisA 1965*75» 
10* ttoiSf tilt vsHstioa iB tiM AiisrssS. snisotiwpsr •» Q^  
AS slistxysA 1^ iMnttron mmdtmm tout tte ainisim solsif •otlfity 
ptfleA 197!!>*»7€ is sssstly slnilsif t s tlist sesixnes^ Hxaeim ths 
vinljwui soiaap sstiTil^ psvioA 19$9«^ 4« Hssss, i t i s folts 
i^sxsftt frvm IMZS thst ttisvs is SSHrssr fsriodisitr ift tlis 
iiuxBsl. snisstvopy sn OS* 
11* tlM s^ssvfsA Tsspistions in tbs wplititAs «Ba phsss 
sf tlis Aiiumsl snisstvopy sn ^ amrinc 1971-76 mm nat sxplsinsA 
%f tiMi si^^s s«»fSttis»»6if!f^isB soisl Otts to tbs proNEbls 
sigBifiSfiit ssBtsilwitisB sf tlM psxpsnAisolaap AiffosioB SUA tbs 
ASBSity prsiisnl tsass* fhsisfsis» tlis InsiAsafs sf thsiy 
Vtis t iTS SSStvilNltiSM i S Sf f i S « l i^pSSttSlSS. 
** v98 ** 
fit* »ftid«ii emmpt t f iiuxsal asltotipopy vf 0O0iii« nsr 
intensity pr<^ p«««ft h§v i s txtiitaily Inttststingt •tfiii* i t i« 
^ i t « ol*a3^ f^ pon th« ytaults p];t»«Bt«i htx« gmd ttm eontXusimsii 
dyaMti thaei tl)«i» i» dtfinit^ly « a2«*f««r p»iriodioStr $M tb* 
^ttstuil «QisQt»0]p3r« ifhiol) i» e1>«tw«^l« fflotitiiilcelar sn QD i«h«D 
« «»r«1^a«li<i una d«l!«il«d mtHLyutm on long t«x» Taifisticm of 
foxiMa l!^  ttit tfdthort %m$*i$ (1976) ia9dtl li«» 1^«ii fmina •«ti»* 
fft6to:i^ foir iiM««ftt«aiiiig ttm tlhrn^t^n ^^mimm i$f th* intsx^ 
pttmtmer wmMxm and t« «g;plai|ji th» Tsritdidsui otHiMixwfi in tim 
atsamU «iil««!t9<ipy« flit aivtet wpmm*'Wff% wmmmxmmntm of tbt 
ittt«x|>l«ii»t«x3r ttaiiH>l!ie fiald toia pt««Mi tegetlisif with tb» 
oemii« ni9r fli»x «t rcrieiit zvglMui would ^ of ivtsi oigRlfltimeo 
in imAosrotaiiAiiig ttio fisoctnt lNili«vi0iiis» In tbo dinzfiid mulm&^repf 
ant ••tft%Uoliifi« tl»i rwllAity of «!»• piwpo^ od iiodol* 
\ i«u*i:iAV*ii* 
^ M <i y g f y * y 
flit mAw^wnm «f • •igoii^eHiit ff«nJMUlt»naii calgofvefor 
irtotor of tlii OMR1« nAi«litfB tits %••» I^MVVA MI • az^ • • 
Hoir •p^l.ttni* of %tm mmi^'Muvottki wmiw^v^m 9i»A tlw poor 
«t«lif[ti«» «f tim mlm^wn^lmtii isls hsft ftiptii «i»t to wtviiiiiis 
a«atit ilHKit i ts 9MMnie», A» « MfavcfSMifiii* %t i t« Kiclgsiiii ant 
7«ideKl«0aiii (1960) thowtd %b«t ttkt •«9dMtiit3«ail eoep«a»nt of tlit 
im«a««iiie lultiiiity l i ••••shiftily • pmmmm offtot tm withtik 
tilt liAiiisNiosr fO09i%»l«« ttm oMwtonm of « xvoiaaol. voeflior oftov 
eoneootioa for piwowum ««HI not %o ootibSlolttAy oxoopt «t 
•^•tovial totitttAoo. f iw o%i«rroa hi^mr imiplitiido «t O I^IUIR 
toviad grtatioMi O^KIIA itot !»• •xplolisod* Sinoo* fov m iiomMl 
tjrpo of onitootvopf )90fl.ii|| o nofloltt'wi w ooxo oatpoBOitt out 
o^^oti o OMUOV iMftt'liiio d OfBvliviiA otaclioM* 
fflM oxiitoiMo of tlHi mmi'-iiivamtSL ooapoMiit %mM *%wm^f 
iiMUloadoA JMi o ooapavtsan of tho o^ oovroA T«vlitio» i» t1» 
Boot out VtOt fOlVtillK tOlOOOOP* i»Oll.90A «% tllO OIMO tAt^ ^O 
to ooiiitli# nioM tiM tflBwiylwxio ooiit3ri))otieii to tlit otNoiroi 
Aoilar Toi^ti.o» mtsr ^ ooooollod to o fixwt wfipTaaOma^lmk 
(n i io t oi i llol)M»oIl« 19$i), fflM f l M t yooitiiro oonfiiMilioii 
foip tko m^^l^mm t f oofd«>Aitnnio:i ndiootyopr woo yyovlAoA I r 
«* t40 ^ 
sifDail t# ttdii* ]r«(li« tdltli t)i» Aa.tft l^ ran mxp^w iMmtvon monitosni 
h«riisg M|^ fftiitifltiof^ momaem^t A%a«i wt «1« (t9€5) eon^ti* 
•iiraly alunftd tlw •zivttxio* of ««fiii< i^tii!iuil> e^^^ntiot of voxtfi 
via* ii«li]j<« hcviUsii th« ptmm ailisBtd peypeMtfiUlar to th« X.^ «?« 
Aii»oti0ii^ fht wuOjiis ^ Abl*9 •% !&« (1^€9)t ?«t«l • t aa., 
(1968) tfid M«tti miA (Smn'bf (nm) li«f« at80 tlM9«^<L tUst 
tisi ••si^ AtttXBidL oo^ponmit htm m iMMiitimt •a^entnty tlms •a^lftin^ 
lot i f f •tdiaiiioiia parvMrnet id •fawtiHplal Xntitnfiss* 
Wit mi9^  d#i!d-f« t ^ folXewing «l»i<««n»ifisti6« of t!i« e«!!ii<« 
diitnuk}. «ni««tyo|^ f!rDtt o&min mst inttisttitsr iMwyns^ d tin %tm 
^rd} • A R^  f(A) f(0y •^^  ^ d» ^ ^  ^  "W 
^Amm Sin) i s %}m AiffUvtiitiil. sigiAitr siMitftxiM vf pTinuesr 
•MMlo 3r«r v«rtiolt0 •f ariffidiliy X» A ««VfV«Miiits tlM tttsttitwA* 
• f t)i» iaii»«lr«fr iB tiKM* toflBca ia t«nn of % p«i!««»t «!»!»«• 
in tlMi 12 iMMwly MMi imtMity sf miXmsti^ mnmie miyBt ^ 
•iMiw tlM vififtltr Sftttzwi fff irsriclifB •f tim «««i»iiii«ii«l 
•AiMtMi^ spttifici ^ tlM viqiciMiiit (1^  «AA Uidtiaf y i i i i i t i«» 
\im ^""^ 'WK ^* ^^ t^«v* Mltiti«ii« viM fkmetitti gCA) i«»» 
«i^ %«« tiM itp«wNiii« t f i»i«ttMigr «tt it«Uii«ii«A« lit iMtf« 
«•> ^4t "* 
Vitti tiMi tfrsilailtility «f » l«vg» «MNmt of A«lft f^ ron inz l -
oas tup i^p iwtttreit iia»ito«« Intlnftiiif fvom •fotclesfial loodion** 
in fit* 1ft«t f»ir f«a»i» i t h«f non tHHin poivlttl* td litini«tig«l* 
tht •tcij^ vditusittl «ii»»tx9^ iaii»ijft«jl«ti«i In »ii9i g£«ct«r 
a t ta i l , 9hm tfrlhtor iMi •0nia«t«« m^h m ««tftil«a «»atl9«it to 
iinwati^Kl* tlM «b«r«et«vt«tio» «f Msil-^itixniil saicotsoiir ^ 
Aiffviwat t^ rpts t f i^tym «nt tlwiv Icmg t«»i ^fmtUi^tm* fIw 
i?t«QltB «v« fviMiitAfl in thi tBllmiixm Stetioiw* 
tlfting tl i i mviiltw of thi ttioosttioal OiaLoulcliiMi ftif ttio 
ytUdiif* iMfiLituAt «»A ylioM of ttio omii-Aiwniod TovictiioB 
CNoCnMi3Mia «t wHmw f969| AggmnSL^ t977) foip •» oMUMft «iiioo» 
tzfpy i» mpmmt ant tho o%«ow«lieBo tmm m wuttmr of noutsoii 
mmitoviiii stoelioao |^ <fott i» fil>lo»4«1 anft o^ oim in fiittx**-4.tt 
tho intlMiy lno littMytoi f iv tlM tim% tlMtg to doarivii t)io 
io t i i lo i OlMaNMitoiriotioo of tlw •OMMU»»MI1 ttoiootvepy of oooMio 
sttiitflioii OB Mt§tiie9/fA typoo of Airo, fIw smrfbor of fli^ «ooA 
tot tho onoa^ roio on Aifftiont tyijoo of tioro tviA fnr TOI^OSO 
fmmm mm fivoo in iiiiao-^.f« Si ^lo jtal3}0i«iB« tootiono* no 
f i t i t iostvo tiM o%«iNMito«l«tioo of tlio oo«i««iiiffiol oniootvofy 
ott iiflovowt n^poo of Ai9» MRi tlMm ooopoavo tlio loov^to vitli tlio 
tiMoiotioill fi«Uitio«ii« 
<N» ^ 4 S <•* 
aiuxnal $)!«•§ in •p«M» ^ •« ob«eirf*A « l • n»ilM9 of stadiont* 
f hit Y«ltit 1^ «iid )i^ has l»«ati dasfivaa f«3r aaali ttction atnd aaeli 
3ra«3? f«r «iffai»»t valxiaa of P froai -1«5 to ^«0 asnft for rm^ 
earn initio* of 1 ^ ^ ttmi Co to $G0 <iT^ Tlw iraxlanoo» X ia t lo 
ftSLvm of »^ oir 1^ flotoxMnod for diffoxfnt otdlono axo oiralti»* 
toA for aiff i font "ralQoo of P fov oooli jwar Quriiii f 9i4^1'4« Yho 
^ i t f i t r^altso of 0 io otytoinaA lyy filpMiiic tho ooMitioa t lwl 
tbo •oHanoe ot tlicl TOltio olioolA l»o o atnlJHua (Roo ot «1,« 
1965)* Suoh t?]^ 1^ oalool«l!ion« axo porfoxiaaA toparatoly on 
qitiot darOf Magnotio otezaw daanit dlattudHid darot •xiA Aiotttx^fi 
dasro ifithoixt sagiHiti* otexwi. fho onoiyoto hot iMon oxtonaod 
for tho otttiyo porlod to Aoirivo tho 1»ost f i t •a.ltioo of $ for 
oaeh i^ar torinft 19€4»74» naing ^oth tlio ooni^AinmOl antplitndo 
o»a pliooo* 
$«tii nmn lart 
fiiaxo-^«1 (m) ohowi tlia 3»lot of 'farionoo in tlio valuoa 
of anpUttiiaoa of tiM ooMi^ AiumaS. oooponont on ^ aa o^oorrod 
« l Aiffiroat olotlMio oiaoiii«loa for oaeli rmlm of $ Aoring tho 
yoivioi 4iiMr4% 1 ^ oortto oloarly ahoir that tho winlaMoa Tasl** 
aaoo io ohooyvoA for ir«itiao f>t $ Q^ 4^ 0.€ ± 0«2« 
tmt.utffh 
•)0 -02 
fkf, •i.\ . »»•• »fc»«-T»4 »«-'i»nf« l.«'«n»n t l » • • • l - i t » r f « l »»->Tt»a«« In 
*• $43 *•' 
of ttiaplitndt* of tlift 0«8il^ *Aiiaxnail eonponenl oa MSB M dbaovrtft 
At Aiffiisviit fltfttloxuiy etlimlactoe tOT oaol^  Tftlti* of ^ dnarix^  
tht pojpiod 1964»?4« It im fgwEwrta* f*<» tt» Fl|5a3?*-5«1 (t>) tliafc 
tilt m£silw» vai^ lttiieo i» o^ MiPvod f IRP tiM i^otitivo ralvm of P 
fli* plots of "VATiiffioo in t ^ ifiltkOR of wspiitn^Off of 
tho ••mi-^uxnaS, wiisotiropr osi 131^  «n^ Ii|Wf93» m o'boovroa At 
dlffiix«»t ffti^ioiuit eaPlQsi1.€£t«a foi* taoh wtOxm of ^ during t!io 
poriod 1964*74 oro ilinstfitod in flfP2«»^»1(e) s&A $*1(d) 
vospootiiroljr* It i s obo«vral»l« f»o« tho Hgavt-^^tCo) t!i«t (^  
on IB ttigr {i«v« oithts? positivo or »f gatiim VAIUO duving tlio 
porioA t964**t4 Imt not tovo« iUt«e« f^ raa Ficai««-$»1 (A) p i t i s 
o1»»ovrsMo tlivt 0 on WfWS i s positivs for tlw ontiso pozdod 
1f^4-74t oxtonflinf upto ths TSXUS A/ ^^  1,4 i; Oi,2, 
to obtain t)M snisotropy t««tov in spseof tho 9%s«vfoA 
sspIitiiAs SBA plUMO of tbs ssni-iiuvBsl s»isot»9p7 for difftront 
tjrpos of diars warn sovxsotod fsr gsoMscnttis Wonting snA sion^p* 
totio oons of •sooptmso of tlis dstostor ^ taking ths Tains of 
AW,U\vu*i 
0-2 *0.t •).« 
Nc.).i{«y. Ktfncie wtcmm ttn. 
»>IU.AIIo«rfc 
•••• • * ! *e4 •!•«. •!-« •t.O -02 
EXPONENT A 
»i«. 5 - » ( » ) - UTStOmiD B4W. 
*MU. *H<i«f> 
* 0 -
30-
M * 
l i -
. l « W-O .0-3 • 0 « 
eX)>(M£MT 6 
10 -0-2 «0-< 
tit, 5.1 (4) - iijtiHS'n) Bi»« wiTHCTW niavaic rttrnm. 
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• t a « t 19€$| Air«i«i3l» 19rr) M 4Ul«eit0t«a in S«otidiK5«21« 
f %iGui^  tliw ^B»i^ i^ttititd fm t^w pvrioA t9i4«76 m diff«3e»iit 
mkiBGtToipf m 0i for ttm ptviod f964-T6 ««i glYvn for tmt 9%9^lm» 
in ftiblo^.f («)« fto |jrl«3e*t«li<3S dinpoimioii onA 3r»«i!^ «v»i«go 
valtio of tiio Mf8d*»4itumitl wi^lltiiit onA plioM en Of for tlio 
porio« t9i4<-t6| h«ro laoo t>oo» plottoA in fig»a?o-5,2(m)» X* 
i t a«toi«il^ Mia tii«l on ^ Vm tem^ms^ wmi^ Ainnuiii awplitixAOi 
r | A/ ©•08 jt 0»0f Z «"* pfe«»«» 1^ Ci 5*5 ;t 0#5 hmm tot ttm 
porioi I9i4»7df for oil %!to ototiono, fnrlter, fiiritro~$.2(o) 
«3JIO illuotrmloo t^«l ttio oiiplituAo mA tim t^^mm of ttio ooni-
AiWRioi «iiiootr«f7 mk ^ IOMI^ otoftlotioOllj' iTnp«rli»t% ftttring 
1% io 03.00 o%ooyrol»io fro* I^MI fiiaiON«9«2(ft) tH«l oftor 
1970t t)»o oomi-HUuxBol «iplitii«o cm ^ liao olioim o» JUsoroooiiii 
trondy ttiOilco -to ito iMlueriiAir titrinf th$ forloA 1964^ *70 onA 
tlioro io o oifoifloont iooroooo in th» oo«i<*4iux»oi ooi|»lit«ao 
on QD during 1970*-71 oni 1979-74 «t lOl tte otctiono vntfor 
ooBoiiosnttion, tide inoioooo in tlM ooai<*iiniBol iMptituAo M 
QP toring 197IK71 ^y iiStooot o footor of t oft soot of tlio otoitlono 
tOfotlMr wiili tlio oMft of tiM yiMriM of iiumol oniooferaiKr o« ^ 
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YEARS ^ 
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fit. 5,2 - the jBt»r»t»tIi» ai»p«rtioii asi y»«ply cnrag* r«2»# of th« 
••ai»«ianua ••pl i tni* aad phma* tn tim period 19«*-7«. («) - Ctom MTS. 
«* 14S ** 
trnmeia •««ii«v hmam maA »o% mmm^miSMa lay may «igitifie«Rt 
tmnvft in fJhMp^v^t^) hm ix««l •l«Rtfie«»o« in i t* fvo^etieo 
tMetuttiiwi in t«xwi ef tte •xisting aed«le« ••!• # tills i« ift 
Qtittlitt^iTt AgTMiMiit with x»Ai«3. vtwcning l^<ythc«is. Hoi#» 
•i^rg «• Ao not elMvrrt ai^ sipiifitaiit i3i«K«ai9« in tlw TIIIM 
of 1^ Mi09«ial«« witli tte d^atjtfii A«<fle««Mi in tbt iraliMi «f 
^^ duving 1972*73 (•» «i»«tt«i«4 in 6luii|yt«i^ *X?), 
M» fftxiM tlm fh«M of tlM ooai-aiitanial oniootvofqr on QB, 
i t Tmim$3m ttiitistioally oonotont dci^ng tlw porioA 1971'^ 7€» its 
i t i« ot^ stxvod fa* tlMi posdoa 19^4^70* fIMI06 iriev ipointo «s*t 
flOBMrnstvotod in fi#i7t«^«5<») iltuiro tfet olMioivvd ooaiiMdiuviUiSL 
flsipXittiao «8A plittM on (^ duxliig tbo poi^ioi 19S4*7€ tutro lioon 
plotto^l for tlw InAiTiAnoS otctiono ooposwtoly «BA aloo oboim 
on lioxMonio aiol in yi«itxo«$*4(o) fov tbo |>Of>ioi t9$8«'75* 
f IM ViiiMO of tht MylitttAo «ni yhoao of tlw ooni** 
Aittinol. gniootvomr on IIS9 otrtoinoA fov tbo poviot tf€4o7€ oxo 
fivon fo» fiv flt«lifliio in fo3ftlo»$.1 Cv), fho intovotation 
iioyoveioii out roorl^ «ro3rafo TOIIIO of tho mmi'^^wmad. oMpli* 
tiiio oBi flMMio on MI9 for mm yoyioi tfi4»f( licro %oon ylottoA 
in Iicii«o-«4^«tCl). tlM fipk»o^,f (h) iaj^iotntoo tbo ohooi-yot 
yoozSj iifOMit ooniHliiiXMa. M^aituio mi. fbooo on Nitt ia.oltot 
fo« i»ii.iriiiii. oti^ioii«i thi yiNi^iO^«4t1i) slMfwi 1 ^ htmpilt 
(SMH) OO NO 3SVHd lVNbrKl-8AQS 39Vd3AV a3Ad3SQO 
cn 00 NO icjrund^w ivNtna-iNas 30VH3AV a3AH3SQO. 
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dial MproMnttttiott of th§ .0«ml«^ imxfi«l asnitotropy fcitmm m 
msB tm* th§ p«vloA 196S-75* 
It l« o1>ma*rabl9 firan tiMM i%Xu8tratidii« th«t th» «y»»iist 
aajfiniT thi f«rioil 1964-70, «all1f« m ahown f©a? QB, Howwr«iP» 
«n i»ore«ilB<^ tr»nd of t!»t Mnl«>diam«l aisplituAe la oTmmpnUbl* 
an ?^S1D In eo^avlaon to thai tibm9Tr9A m Q» &Btvin^ 1964-TO, In 
mx'primrt of oar flMlnpit Ainw#al ani 3iti«^ (f^^a) hmm alao 
zai»ortaa i» inosaaaa in mml^dlWBml amplituda with tba inmmmim 
ing TalTsa of A^^irOmx* Mi^ aint oppoaito to that ahoim for W^ 
th® sarsl-aiurnal •jmnlitaae on ''SB awytnij 1970-71 baa daoroaaai 
m& during 1972*73 i t f^ aa inovaaaad at inoat ^ tlw atati«i»« 
fha 8fava0t aani-dliimal phgof tm ^B ahoaa no Aafinita tranfl 
for tha aittira parlor! 19^4-76, 
f^ fl^atfi^a vat'^ aa of tha a ^ l i t a ^ miA phaaa of tha 
aani^diuxnai anlaotror^y f«p tha pariod 19^ 4^ 76 aa 7^ 9»A liUKWS 
ara glTon far fow ataticma in 7ahlaa«9«1{o) anA 5.1(A) V9mp99^ 
tiTolsr, ¥ha intaratalioii aiaparsion msA amaal aramip valisaa 
of tha «aiii«*diuraal aitiplitaaa a»A phaaa on W anA wm^ far tha 
paviod 1964-76 h«fa "bimm plottad in Figiiraa-5»2(o) and 5*2 (d) 
raapaoti'valy* 
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tt is dbtmvre^^ thnt th« MfRi->Aitrsal sstplitnA* on DP as 
%nll 9» mt vm^^ shomi a vary twiaoB li^ hiivloiur firing tht •ntire 
ptrlod 19€4-76. AXmOt th« n^mi-aiuvnal phasa on W anA 13I5WMS 
elieywo large fltiotajttioTia ^rlng the antlre 7>«rlod t964-7€# 
Thewfoswt thl« allows iia for ts^irm no doflnita ooueltsalon 
for tha saiil«-dlt2x«Mia aniaotvopy behiarrlour on DD anA TJDWMS for 
tte period 1964-76 with tha prooontly avvdlahlo Timitron woTiltor 
data* 
Sinoa the solar moatilation Qffoota whloh oeaeBtially 
dapand on tha eXeatvoraasnetle eonditioBa in epaea are the main 
reeoarooa to giira rise to hoth the dlwrnal aa viall a« the eemi-
diuxnal eeniaotroi^aa in the if)terpla?)etaxy iswditisi, therefore, 
i t ie escpeoted that there mtat esciat an upper cmtoff rigidity, 
Bg^ g^ t ahove % i^oh tha partiolea mm not affeoted and lower 
oittoff rigidity, \ 4 B * ^^ ^^ ^ nhioh the partiol@a axw no* 
affaated* 
Figtira«5,5 ahowa the varianee, of of the anplitnde «BA 
phaae of tha aaini-ddliamal anisotropy on QB aa « ftinotion of 
\fg[$ ^«v p » • 0*6 and for tha year t97S« Tt ia ae«» Aran 
tha Fi#tra-6»5 th«t hoth tha amplitude and phaae of the eemi-
diumal aniaotvopy on <SD ahew a nintom varianae far 1^^^ • 
1t)0 <• 500 0V« fhia Kiiiasta that we nay vrite \^^ « 200 ^ 
too 6V 1 ^ ^ ahawa that tha preaent set of data ia not 
100 200 300 400 500 
PlK. 5.5 - The variano© in antplitude awd phase of aeml-
(SinmiQ joMsotropy plotted as a function of \ig^ for P- •0 ,6 
for the year 1972. 
«» f 5R? • 
snfflQi«nt for d«t«rBiiiiifig an uti«Rl»ica<9na Tftltw of \^x* ^ 
filMlar ar»jily»i8 far tiXl tfm ymsm «ttri«« 1«i64-74 ani on otli«y 
t3rp«» of diKirs sHowi tHttt pmvnt ly i(r«ilat)l« Am%m. i s oof»i«t»ifk 
with a tlia© immrimyt l^ ^^ ^ of 200 ;• too ^« For a BIOI?« aooarato 
ostiisato of !^ (gj^ ^ and i t s aooular oh«ni9». It i s otrrirmo thuit «• 
1100(1 do%a from noro OQQtottorliftl ottotlono* 
In ?i|0!iix'O«6,6» Torianoo for tl»e jpwli*n«o oa f^  of tho 
oonlwdiurfial aniootropy for tho yuar 196*) hao IHIO« plo1r*«« for 
AiflOront Toluoo of $ onA for •lu^oeo \g^ "^^  1* oboorrablo 
frora tho Figo»o-5»6 thot tho 0omi<»€iiimal aT»laotre|>y AoponAo 
on R with B"***^  upto So ^ ohovo whieh tho •aluo of the oacw^ -
nont dooreaooo* 
9o os|>lalin t ^ oiNiorvoA aoml**>diiinioi asRiootropy* 
SMhraisoniaii tmA Sarahhai (19^7) ana Quonhy ana l i o t t i (19*58) 
h«ro iBaopondoatly propoood that i t T??I^  ariao <loo to tho partiolo 
dOBoity (ppadioitt in tho piano porimnaiotxlar to tho piano of 
ooliptle (Sootloii-1,5), "^ ho hooio Alfforonoo hotvoon tho two 
liodolo howwor* 1« in tho wMm i^ptioD of tho natnso of tho por* 
pofkAioalar Aonoity gvoAiont profilo« Tho ooooittial roooiromont 
of hoth tho modole io tho oxlotonoa of tho Inoroaolng Aonolty 
of oooRio ray partiol»o» hoth abovo aoA holow tho oepiatorial 
plana of tho 9txii« Tho praoosoo of ouoh a fpradiont oay ho 
iBdisootly Inferred from tho ohoorratlona of tho ooffdo ray 
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Saxili's faaition 4 i^anpi« Ijgr ^  7.85* In iMlittgs^Me l«tita««* 
0eaf«i^ «e«i ef oendo T I T tn^iwit iWt i f t f i ' p t ip^ ikdSMiiii*^ 
tieiit e^MVfvA vlwii ilM laspth ! • in Mffitxwiit !itliol«titafte 
potitien i«itli v««f««rt to $a»t •lt«a3.a pv()>vid« « fiisfvet mams* 
ef t!i» ptf|MmAi«Qi«r ««Bsit9' gmOicnt* Iwii t1i«tt# tlw «««ait« 
-fifw mi^ w» watatywiLM mm »§% •e»«ltitf'iii» mmmmtMm i^9fih) ' 
hm mhmm that tUmmmA wmsAvt sraor inttiisitjr •iffl.fttio« 4e»» 
not pTovlfti fMi0tm«x3r Atnaity pniiitittt %« •splain tli i ibmiiffvA 
M«!ii««Aiiiz«jiil, cRisotTopj of 9oa»io ingrt* 
lf«g«g)MH« #t •!« Cl91^ ft«t») ifni "BrnmSam (1975) t>«f» i;^ t«»p» 
t«d to vtfins t l» oonv«alio«i«aitfli«i9m tlMioxy %F iisiroMfif tlM 
liyjpotlMii* df *piteh asi^t iintH'fawitioit' in tli» I,M«f« i»p*0s<-
lia*lti«s» In 9iupti«aX«af tim »eft«!l pz^fttstsd 1^ Bttrad«ii (1975)* 
makHB tarn 9f %hB *»vlglM et aeattor •e«ffi«i«itt«* t««liiii^«, 
wliiigli iirreiifts t)i« tli«<»i<>»ti9ia. oeHswn«lJl«ii of tb* t3*«j««lex^t» of 
tilt p«vti<a« t» t ^ xtt«3.i«tl« «o%fici^y«liiii «f tiMi I,H»f«» to 
•litiln tlM lioitv Hr Itoay pemti%» of tlit 4«ilF Tiwictioii m 
^Himm^tL mt tho l«ptli« oooeotMlti with iciir aci^ itvox^ r xwftiol 
ootMliO a«r itiuiitir gvoAiont «lio» tlw ii0fl»»fMf«*9ctlui «i*o apooi-
f l i i t ffho offvoM^t i» mmr soopoeto io oSaill«v to tiii tmjo#*» 
toxr tiriiiiiif of t lo oooaio vogr foatiolo i» tlMi siiniltfloi ioo-
MoiROtlo £imM Hmw&Himm ot oi,» 1965). Vitli thio sofinivwit 
tbo iiOtti*ftiu3moS, oMtonottt oonoo out oo • notiixi^ oonoofooMit 
§i f i t i i i mifiUB oigltoffl«c. 
- 1 5 4 * 
two msm&attt •#€«• ( i ) thi a«iuiit9' Ato««Mt» iioM sluttplr 
t«iftte48 titt Sim f»<» ft gtiwn point th«» i t iit9y»i««s mnsr trtm 
tbft Stm Ml • mvult of TtMtl d«p«ti««Be» «f th» itiuiitjr gr«ii«nt, 
«nd <ii) tfe» two wan Bmplim point* p«i^U«l to t l» I»M,f, 
•s« Bot •^f lps«t i xtlctiv* to th* p«fp«»ii«olicr Ti^wiiii |i«iits* 
Xs «•••»<)•, tlM> acntlty irvriittitm alwng tli* fitlA Um da« to 
4l«i»»it7 gy«ai«isto i i til* siot «• tlio *»ixik* propcMWi •ailiox' 
)^ K«0 sua S«nil»htti (l9S4)f with tlii f<tsiiXt t ^ t mtih m profit* 
eoBtains lN}tli diuxnal mA •omiHIittifnaa irariation «(»Rpeiitste 
<Sai?»bli«i isiia s»t>»isia»ii»it 19^6 )• fha nf^e^wmw^ of the tliaoty 
witl^ (^pai^ lMaiatal swsiata i« not YOZT aatiafa^toxr* Howtvar» 
«ii!oa ttia tlMoz#ti«al pxwAiotiima «x» sangitiiw to tha is i t i« i 
aavtttaptiima eonoaznixif tha niaii«»f3m#^«lli8 w& vtMta^ daaaity 
IP?aiiiafit p]fofita« • saza j^ ffovema analarvia with a t>attar viiia:p» 
ataniing of tli* iMiaaiF>fMa«-p«lh ia naaaaaaxy to ttcta acraaaant 
latwaan t ^ t^ovatia^Uy pzadiotaa aaA a^q^xisantaXly o^ aairvaa 
iaaiilta« 
Oft tha laaia of t1» AatailaA al»aaxT«tioiial aurieamoa psm^ 
aastai ft^ovot t l« fallawiac fjupaytaiit aaiiataaiana ««r l)a dax'ivaa 
U tiM 9a»i<«iit»Bai aaiplittiia ia apaaa aa Ol) for oMn^o my 
pavtigiat in tlia Yanfa 1 « »0© «T ia ^ 0,09 • 0*01 ^ in»i»f tlM 
faciaa 1fl4->7f.^  i l « ta9U/%«4la af tua aa«itHli«iii*i «^*at«qpgr 
m. 155 m 
m 0^ htm taismtiM9^ 1^ m f«««»v «f f In lAl ^im stittlwui 4b!wti)« 
1970-71« ilcot t t» MfplitaAt of thm tinii^-tiQxnftl «Bi90tv<»B9r on 
Ql^  9h&im m vtgsifidaiit Intjrttwi <ai?iiii 1974* 
2* ^h» p!iM» t f tlw i«iBi<-diti]fB«l tiiisetmsi^ •» QB having 
ttm p t r l ^ 1964**76 lit (v 5,5 ^ 0»5 h<mm iilii«li i« laoag ft disMo-^  
field Ais»etiott» 
5« tlMi px«$«i^«s Af the ««idl«aiYi3!nal wimtf%wm>f ftf ««Mii« 
wasr ifittnaitsr «M OD l» tiM vigiailqr » » « • 1 to too <^ «vt fmnA 
t e 1)0 i^iglflitjr a«p«!iatxtt wi'Vh m •p«otvtil im c^KMnt nf • 0.6« 
4« tlm«91!» tmdio^wmiik wtafi9^tm m tm IB eoi»iti««sl 
^ | | } | « 1 ii*®«* o»»^ A «••«(« * 4f .5) 
** H/AM ^ ^ S WW 
•iHiftirfftA lA tli» iihiORiftlftvifttiftft ftf MMI mm/MOxamaS, mim^wvw 
tm WB 'tM SMMf iayiiii tlM ftiitiM yftxifti 19€4<»7l« 
l,«arg» ftolar flux iXk^mamB* foifMiili <«QX««M9 #ttt» hav* ^••n 
cttidi«d fvm tixm t0 tint 1^ «rv«3Pia woxtcAsm CfoMi»nts mH 
#t «!.• f 1974)» I* ha» %••« dtwtiwia thus* %h<mm solar fl«r«» 
ifliioli eomr m^ 109 mm th» "*»»9tf»ii 1 5 ^ of f!» itolti* «i«o 
•bow %im following offooti 
Ci) tbo iiovl vapid rlM %o •«3ei»it» inftofitsitjr* 
Cii) tho moiit ifittiMt mdm))%Twpi999 
Ciii) OR t ^ cf»»iio» tht fiofttoat f«a?tiolo flrnmot 
(iv) YoxT oHorl flight tiats tmp tko ooMie vagiv froe 
(v) on tli«M oooAtiona foip %fldLo%L tbo d«tm lUKfO liotn good 
tB4ttgk« tlM oomdo xiiTB hacvo Isoon oltotwoA to oinrivo ot tho 
iftvtit ^N» » ailoiitioR rmtfiHr in tbo oeliptio plaoao, 
m. tlwuo fiiitg Igvo log to tbo fiotuM ttiot littoo of 
fo«oo of tiMl ^iloi93»gootoir »«iRotio U^U ityoto^ in o 
ftflittifolj noSi f t i i f t t fiiUoii trm % muMiiot yfUnh m 
•* 157 • 
•R mmf tfmtm fov tut •tmie v&f» %» f4^1«ii in ostein te a»««1i 
%lit ilNkxt&i ^M«^ i« in fiHtiNa agyvtiMnt witft tht eoiMit^ t tli«l 
thi fiolttr ifintt %iill ttjptttli tut tli* •olto* Mtgmtlt fields to 
iNxn tkmm of fova* in tli* texm of «B A»(»hiMittoo opiyoX* Mm^» 
mmTt tlM ot^ aar flow Xotot&ou offiot on tlit d«ilr rvrit^iwm 
of ooomio «iiir intoiwitr Hoo net Won gifoa osgr «ltt»tie» oo 
fftr* flMiwfoyo* tlio msith&w hm mtHymi. %tm a«tft of tlw gxtpiiM 
%ogtd tumtroii «BA BiOO«m mmitoro to otuagr tho ooloy flovo Ioo»» 
tioii offoot OB tbo Uweml aniootvopgr of tlio eoosio msr istonoitgr. 
fho ottttiono* wliooi mtatMm osA nooon mmitoy a«to i« 
itooa ia tlMi aniOsroio ftv ottti^nc tlM oolov flofo toeation 
ofDtot fov tte DOjidoiJi 19$7«9t (ptvioA of mmimm ousopot 
ootiTitr) itti 1^9 ( r * * ' t f tbo Aoelisiat p^mm of tbt ouaopot 
Mt i^ i ty ) , oxo fiiron Ui f«Ho<4*1» fho total maHmv of Aayo 
iiiOA in AiffiyottI iprnqpo aso givan in fo%lo>»€*2* Sol«r fioxoo 
witb iMyoftiOMo iio«tor tlum two li«v« not %OOB ooaaiaov^ 
%oo«uio of tlMi foot that iurinc tim fovioA nnAov oonoidontioia 
tliozo io only ono flaaeo with Ijopostonoo gvoatoy thon two. MsA 
i f i t io oanoi4oioA» i t v i U infltionoo tho xooalto towvato tho 
oiio in nhioh i t hao oomxtod. 
fho fvooaitvo ooxvootoA Aato ofloy t^Ti^Ug tvonA oovfoo* 
tian hoo hoon aiaaljmoA hoManiOiA!ljr oo AiooooooA in Sootioii«-f *91 
%i9%mt «t«ii«Bs t^ M* d«i« imf ^—m u«»6 tow ttnl^liif tht voaiy 
HHUfa 
3* Sfi^UvS WUMI 
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•MMNiWMiMIHflM 
f 6(1 • 
(A«ltt i » tt«l •o»tt%«d i i r tt«p«xmtuf« «taiot)* f1m«» tint 
• t c t io i t aspt o^tftlntA. Diijni ot l«r«t vidar flux ineztaMSi 
iTm ^•TWnh a«txt«i«« vto* f i f «pr» •£• «sEeitia*d jhsKw tl i* 
mtO^iB* fht mpiitna* «iii fIMMW • f tb* aiwnial aal^etsMfr 
«8 ai«im«8«A In StotSoii»?*4 to o«t«lii th* ixiitotvo^gr ftetoy 
ia 8:ii^ «o»« 9h$ «iialy«it li«i %««m txttnAtA en qtii«i Aji^ f«r 
tlui toi^airitoii iffong tlit «iitot»o|7 • • • t o M «a <|ul«t dasr^  «»A 
tbc a«3r« i ^ r o 0ol«v fisves h^rt oemmmt <m t l» wivt^xti anA 
tfm «i«ttim liafb of tilt BtfXmt dito» 
VJm «r»i««tt •Mplititit ani ttM ^hmm ef tn* diumal «iiM<* 
t9Qipy #f eoiRlo ipar intt i iai '^ • • OIMMXVWA witli t l » ««titvdii anA 
«*««a iMaitavs hcf» ^ a n plotlNia in ?iiit»i»^«1 U ) •»& €.1(1) 
x««p««%iv«ly f ^ tlMi ^yiaft 19$7-^« tw t)i* Q3» anA f«r t te 
Aajw %Amjm t te selai* fUf«» Iwrt nemxT9^ m t l » vastasa ana 
tlM atMitasn Uiito af tha aatsr Ai»e« flMi one aipM «t«BA«rft 
•anftM Iwnw IMWI sbeum ^ «ixiiX«« in t l i * • « • fiiiix«»-4«l(A) 
CBA €kl(i)» Xt i « ^pyiuMBt f^ PSK t l i * fiitt]»«€»t(i) tli«l tlw 
«vtli«il «ii%i««4a #f t te iioxAid anistftMsgr* f«v intolt«iii« 
•MfaMBt m tlMi iar* vlwva a^jof f lar ts }i«f« oaonnMi an t l » 
waatasn Uaili t f tlia #•!(•» t i a i i « Saspur im eaa^ayiMB %• tiM 
T T ^ r - i ^ - f f - ^ 
f lA-MfAl 
r i & - 6 i ( B ) 
1 
(t8 . 
< # ) 
u> 
00 
0« 
• 
- 0 4 5: 
12 
'^If. ^ .^I - Mum*l «nl90tr«pv TBctortj on (a> Q('T«!T nAY??, 
(te) *f!ss-r':hs ii**" ?..u/m ?iAn^ BAYS, {<>) SAy*"v;R*: L T ^ SOLAR 
• 161 • 
AiOrs i^ WM solar flaam9 hmrm oomaewd on tb« •««%•»! lU^ wt 
th« 8ol«r «!•«• R«(WtT»r, th« «n|»lltwa« of tlit ditiHua «iiw>-
tropy o« t ^ day© fw? i^ hlmli %\m •olwp flus^tt hgf« IWMP»XW»« ©a 
th« •astom Xliall) of tho volar Aioo io of tho OMBO ovAor •« i t 
io ot)0Oinr>ed oan QB, Thooo rooralto «up« aloo »tt!iiMarto« Ijy T«ft«r 
and ?3aa (l^ yT?). 
It 1» wSLm oppKWJrt f*o« tiso ^ipro-€,l(A) thiEt for ttio 
mtotocmio OQemmiont tho ccrorage di39««%ion of tho Aitimaul «nl«o~ 
tropy Ifi opooo in looal ooyniiftotio tiiso io o^ Boot owio OR tlio 
days Wliore tho solar flaroo hter® ooottrr^ od on tho vootom wm 
Will as oastom li!ntwi of tho solnr disio. '^ 'owavor, i*** thooo 
roffulto aro oompax«d vith tho Airootion of tho ditintflkl isiioo-
tropy In gpaoe on ";!>» it io foand that tho airootion of tho 
Aimrrial aniootroT y^ oa dj^ yo lAiero oolar flaroo h«flro oooarrtd on 
X\m i#»8tox<n linjb as iMll ao oaotosn lia1» of tho oolar dioo io 
oarller in eoEq^ ariocsa to ^B, fhlo phwM ohift towai?A« oarlior 
hottvo has boon ohoonrod liboitt throo hoaro for tho nitolo^io 
OQMfKlfllOlIt • 
Tho ifbovo vooolto for tho aeiTflitudo and tho phaoo of tho 
ditixnal anisotropy on QD and tho days nhovo tho oolar flaaroo 
oooar OB tho liootora and tho oaotom tinho «f tho oolar diao 
aro aloo a»pported ^ tho nooon noniter o^boowatioisi» ao io 
apporont fron tho FifE^ro*6«10)« fhmw vooolto axo tiuo to « 
largt osetont for tho individual stations* ii^ ivon in f«hlo* ,^<t» 
•0 tiollt whioh haefo not hoon illttstratod horo« 
9fm ti«Etavt of the diuzBal mtwo^ve^ ir»«%ep on QT^  and m 
days yAmre tb« flasva hivrt oeotirre^ on th« >Mi«t9inn liTnlb a»A 
th«i taatoxn llmt> of tbo oolcjdr Al0O« baaod «m the iMmtirofi Bioni* 
tor ot}8«wations, has also t»<M»i studiod duirinisr 1975 in addition 
to tha pariod t^ ST-S*' as !»!®?itSo««d al>c5fvo« •Pii^usa-^.? i l lna-
trataa tfea diu^mal mi^otrispsf vaotoa? for nautieon rsonltora Sxtvirm 
tt« 3P«az« 1957-58 (?igai»-^,5(A)) and aai?lnjj tha faar 1975 
(yigui?a-^,2CB)) on QB, veatam lim% aolar flar<»a» and aastaxm 
limb solar floras* It i s (|uita olaar f^ rara tha ?i(gBro-^*S th«t 
during 1957-^t **» P*»aa of tha dltimal aniaotropy on 0U» J^ 
jv 18,00 him asnd during 1975, tf v^ 16,00 hra. It aliowe tfeat thara 
i s a phasa shift of atboat two hoora towarda aarXiar hours for ttia 
diusttal anisotropy on ;D during 1973 in ooinparison to tha phasa 
obsertad *iring 1957-58 whloh ts trua for a l l tha individual 
stations as wall, fhia i s in aoaordanoa with tha rasulta 
prassRtad in Saotiosi-4«221 • tha ohaarvational rasulta bassd on 
mason Monitor data for ths pariod 1957-58 bgr 7ad«r (19^ 4%) ars 
in support of our findings. 
Itothsr, for tha yeeee 1975, tha phass af tha diurnal aniso-
tropy for ths days whora the flarss hunra oooarvad on tha vastam 
lia% of tha aolar diao i s sons as i t i s ot>sssv«d for ths diQrs 
whass tha flaaraa h«fa oaoorrad en ths aastam linh of th» aolar 
diss* This rssolt i s s inilor to tha rasnlt ohsarvad during 1957-
58 for tha dagrs whsra tha flavas h«f« ooourrad on tha it^wt^vn 
and tha aastam liiaibs of tha solar diss* But, during 1975, tha 
f!0.SJ?(A5 «*<U,AU9««'» 
y i t . 6.? - S lurna l aAlPotropy veetoru on (a) QHIBT DAYS, 
(b) WBSTEM LIMB SOLAR P W " - DAYS, (c) EASTRRN LITTB SOLAR 
n-ARE BATS for natitron monltora during 1957-58 (6.2 A) and 
1975 (6.2 B). 
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Instrumentation for Continuous Monitoring of Low Energy 
Cosmic Ray Intensity 
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This paper describes a Iiigb counting rate Neutron Monitor developed at Aligarh for 
continuous monitoring of low energy nacleonic component of cosmic rays. Transistorized electronic 
circuits used are described. 
COSMIC ray research offers the promises of being able to investigate phenomena inaccessible to any other experimental 6isciX)Xme in solar-
physics and Geophysics. International Geophysical 
Year (Simpson et al.. 1953; Simpson, 1957) [1957-58] 
was the important period for the systematic develop-
ment in the field of the cosmic ray research, because 
it led to the world-wide distribution of standardized 
cosmic ray intensity detecting apparatus including 
Neutron Monitor (Simpson, 1957). This provided the 
research workers in the field an unprecedented array 
of solar, geophysical and cosmic ray intensity data, 
enabling them to develop physical understanding of 
the nature of the magnetic field of the earth, sun and 
interplanetary space, and interaction of the galactic 
cosmic rays and solar particles with the interplanetary 
magnetic field (Webber, 1962; McCracken, 1962; 
Carmichael, 1962; Rao et al., 1963). 
Cosmic ray data from stations situated at different 
geographic coordinates and at sea asvd mou\\\.am 
levels, is useful to perform systematic studies of some 
of the problems which are yet to be studied pro-
perly. Such a study may, obviously, give a better 
understanding of the modulating mechanism of cos-
mic-ray intensity and also Ihfow light on various 
controversies existing about various aspects of the 
time variation problems studied in the past years. 
The fine features of the variations of cosmic ray 
intensity may be measured with a detector that yields 
a high counting rate, such as NM-64 monitor deve-
loped by Carmichael {\%A]. We have designed a 
similar equipment which gives a high counting rate 
and provides low background counts. 
DESCRIPTION OF THE NEUTRON MONITOR 
A neutron monitor is a combination of the local 
neutron producer, moderator, neutron detector and 
reflector. The geometry of the Aligarh neutron 
monitor is shown in Figures 1, 2 & 3. BF^ pro-
portional counters with diameter 2 inches, active 
lengtli 36 inches and filled with enriched BPg gas 
(90 % B^ *) at 60 cm of Hg pressure are used to detect 
th.e thervtval ueutrons. The 2 inch thick lead Blocks 
are placed above, below and in between the neutron 
counters. Evaporation neutrons are produced by 
interactions of the nucleonic component with lead 
'J lyiiUMTTrrcrrrrrrrrtTrrrfTrnzTrTrrrry-rrrrrrf-rrTX^ 
Fig. 1. Exier/or view of the Neutron Monitor, 
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Fig. 2. Interior view of the Neutron Monitor. 
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Fig. 3. Lateral view of the Neutron Monitor. 
nuclei (Weisskopf, 1937). These locally produced 
evaporation neutrons are thermalized by 1.25 inch 
thick layer of paraffin placed around each counter 
as inner moderator. The 11 inch thick layer of para-
ffin surrounding the lead blocks and the counter 
assembly is used as a reflector to exclude the atmos-
pheric neutrons from detection. The reflector also 
acts as scatterer for unwanted low energy neutrons 
produced in materials close to the neutron monitor. 
ELECTRONIC CIRCUITRY 
One module of the Neutron Monitor (Fig. 1) 
consists of 12 BFg counters. The output from 12 
counters is divided into two sections each containing 
six counters. Each section is associated with its own 
independent electronic circuits. The block diagram 
of the whole electronic arrangement is shown in 
Fig. 4. The division of counters into two half sections 
provides a check on performance of the detecting 
system by comparing the counting rate from two 
half sections. 
The amplitude of the output a-pulses from BFg 
counters is of the order of a millivolt. These pulses 
are amplified by a pre-amplifier whose gain is 10. 
In each section the output of two counters is connec-
ted to the input of a pre-amplifier. The output of 
3-pre-amplifiers in each section, is fed to a pulse 
mixer circuit, the output of the pulse mixer is fed to 
a linear amplifier (ECIL Model No. 521). After 
sufficient amplification, the a-pulses are separated from 
much smaller backgroimd pulses by adding a dis-
criminator in the output of the linear amplifier. The 
alpha-pulses obtained from the output of the dis-
criminator circuit are scaled down with the help of 
a 
recorder. 
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nent is photographed on 35 mm. film at an hourly 
interval by an automatic photographic arrangement. 
"'The'"properties and general description of the pre-
amplifier, pulse mixer, discriminator, and scaling 
circuits are given below. 
Pre-amplifier 
The detailed diagram of the pre-amplifier with 
typical values of components used is shown in Fig. 5. 
The first two stages of this circuit have a feedback 
bias arrangement for current stabilization of both the 
stages. Resistance JRj provides dc current feedback 
from emitter of transistor Ts to the base of transistor 
Tj.The ac negative current feedback from the emitter 
of transistor Tz to the emitter of Transistor Ti pro-
vides wide frequency response and low distortion. 
\Vefhaye used a fixed resistance R of value 6.8Kil in 
l#t!Si{t&'follower for the last stage. This value of 
tt'e lefistHiceJ^ provides minimum noise and distor-
tiitfn in the circuit. 
Pulse Mixer Unit 
The circuit diagram of the pulse mixer unit with the 
values of components used is shown in Fig. 6, 
Transistor T^ and T^ form an OR-gate with three 
inputs and one output. When a pulse of positive 
polarity exists at one or more of the inputs of the 
OR-gate, an output of the same polarity is obtained. 
This output-pulse of the OR-gate is amplified through 
a one stage common emitter amplifier Ta. The out-
put stage Tt is an emitter follower. 
Discriminator Unit 
Discriminator Unit, shown in Fig. 7, is employed 
to cut-off the pulses having height less than a preset 
discriminator bias voltage. It gives positive pulses 
at the output for all input pulses of positive polarity 
exceeding the present discriminator bias. The bias 
may be varied from 0.6 to 5.0 volts, by means of a 
panel mounted helical potentiometer. 
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Fig. 7. Discriminalor unit. 
Scaling Unit 
Scaling unit consists of eight binaries, which are 
identical. The detailed circuit diagram of a binary 
with typical values of the components used is shown 
in Fig. 8. The binary has facility of symmetric 
triggering by positive pulses at the bases of tran-
sistors Ti and T^. 
All components in this scaling unit are very critical. 
The components which are to be given extra special 
consideration are the collector resistors which have 
to be within 5 % of each other and the base and feed-
18 K 
2N4oT[ 
^-12V 
back resistors which have to be within less than 3 % 
of each other. 
The circuit can handle approximately 10* evenly 
spaced pulses per sec. 
Recorder Driving Unit 
The circuit diagram of the recorder driving unit is 
shown in Fig. 9. In recorder driving unit, the output 
pulses of the last stage of the scaling unit are first fed 
to a monostable multivibrator (Ti & T^). The out-
put pulses of the monostable multivibrator are used 
to operate the relay of electromechanical recorder 
connected in the collector arm of the power amplifier. 
12V -30 V 
JI . OUT PUT 
' • I—1 n XUT. 
Fig. 8. Scaling binary. Fig. 9. Recorder-driving unit. 
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Fig. 10. Automatic photographic recording system. 
Automatic Photographic Recording System 
An automatic photographic recording system is 
shown in Fig. 10. It consists of a transistorized wall 
clock, an electronic circuit, a 1/20 HP motor and a 
35 mm camera. The transistorized clock gives regular 
contacts after each hour. When the clock makes the 
contact S, the condenser Ci, which is initially charg-
ed, gets discharged through relay-1 making contacts 
l and 2. Contact 1 lights the bulbs (12V DC)for 
3 seconds and during this time the contact 2 charges 
the condenser Cg. Three seconds is the discharge time 
of the condenser C .^ When the condenser C^ has 
been fully discharged, the contacts 1 and 2 break 
and the condenser Cj now gets discharged giving 
negative pulse to the transistor 7\. This takes the 
transistor into conduction activating relay-2 and 
making the contact 3 which runs the motor for 12 
sees., which is the discharge time of the condenser C^. 
When the bulbs light'for 3 seconds a photograph 
of the reading of the electromechanical recorder 
showing the number of counts of the cosmic ray 
intensity, time, and date is taken by the 35 mm 
camera. Then, the motor runs for 12 seconds to roll 
the exposed part of th&!film and brings a fresh frame of 
the film in its position for the next exposure. This 
whole process is separated at hourly intervals and 
hourly data are preserved on the 35 mm films. 
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ABSTRACT 
The spectral parameter of the diurnal anisotropy of cosmic ray intensity are 
studied separately for days where the solar flares have occurred an the 
western limb as well as on the eastern limb of the solar disc for both 
nucleonic as well as mesonic components of the cosmic rays. It is 
observed that the diurnal amplitude of the cosmic ray intensity in space is 
larger for days where solar flares have occurred on the western limb of the 
solar disc as compared to the days where solar flares have occurred on the 
eastern limb of the solar disc. This is true in both nucleonic as well as 
mesonic components of the cosmic ray intensity. 
The average value of the direction in space, of diurnal anisotropy in local 
asymptotic time for various stations is almost same and is observed at 
around the same hours for flares which occur on the western as well as 
eastern limb of the solar disc. When these results are compared with the 
direction of the diurnal anisotropy in space on quiet days, it is found that 
the direction of the diurnal anisotropy on days where solar flares have 
occurred on the western limb as well as eastern limb of the solar disc, 
is earlier in comparison to quiet days. This phase shift towards earlier 
hours is about three hours for nucleonic as well as mesonic components 
of the cosmic ray intensity. The variation of the rigidity exponent ii 
observed on different types of days for the nucleonic component has also 
been discussed. 
INTRODUCTION 
During last few years, our knowledge of solar flare production of cosmic 
rays has increased largely. The effects, associated with the solar flares, observed 
at ground e.g. large solar flux increases and large increase in cosmic ray intensity 
have been studied from time to time by several workers. It has been observed 
that those solar flares which occur on, or near the western limb of the solar disc 
show the following efl'ects. 
(f) the most rapid rise to maximum intensity, 
{ii) the most intense anisotropics, 
(rzr) on the average, the greatest particle fluxes, 
(fv) very short flight times for the cosmic rays from the sun to earth and, 
(v) on those occasions for which the data have been good enough, the 
first cosmic rays have been observed to arrive at the earth from a 
direction roughly in the plane of the ecliptic. 
88 YADAVA, KUMAR AND NAQVI 
TABLE 1 
List of stations whose data have been used 
S. No. Station 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
Alma Ata 
Berkeley 
Chicago 
Churchill 
Climax 
Deep River 
Gottingen 
Hermanus 
Kiruna 
Kodaikanal 
Lae 
Leeds 
Lincoln 
Macquarie 
Makapuu pt. 
Mawson 
Mt. Washington 
Mt. Wellington 
Ottawa 
Resolute 
Rome 
Sulphur Mt. 
Uppsala 
Yakutask 
Zugspitze 
Type of 
the 
Monitor* 
N 
N, M 
N 
N, M 
N 
N 
N 
M 
M 
N 
M 
N 
N 
M 
M 
N, M 
N 
N 
N, M 
N, M 
N 
N, M 
N 
N 
N, M 
Geographic 
Latitude 
(in deg.) 
43.20 
37.86 
41.83 
58.75 
39.37 
46.10 
51.52 
-34.42 
67.83 
10.23 
-6.73 
53.82 
40.82 
-54.50 
21.30 
-67.60 
44.30 
-42.92 
45.40 
74 69 
41.90 
51.20 
59.85 
62.02 
47.42 
Coordinates 
Longitude 
(in deg.) 
76.94 
237.70 
272.33 
265.91 
253.82 
282.50 
9.93 
19.22 
20.43 
77.46 
147.00 
358.45 
263.32 
158.90 
202.35 
62.88 
288.70 
147.24 
284.40 
265.09 
12 52 
244.-39 
17.92 
129.72 
10.98 
Cut-off 
rigidity 
(in GV) 
6.69 
4.50 
1.72 
0.21 
3.03 
1.02 
3.00 
4.90 
0.54 
17.47 
15.52 
2.20 
2.22 
0.55 
13.23 
0.22 
1.24 
1.89 
1.08 
<0.05 
6.31 
1.14 
1.43 
1.70 
4.24 
*N = Neutron, M = Meson. 
All these facts have led to the picture that lines of force of the interplanetary 
magnetic field stretch in a relatively well ordered fashion from near a sunspot 
which is near the western limb to the vicinity of the earth. This provides an 
easy route for the cosmic rays to follow in order to reach the earth, which is in 
general agreement with the concept that the solar wind will stretch out the solar 
magnetic fields to form lines of force in the form of an Archimedes spiral. 
However, the solar flare location effect on the daily variation of cosmic ray 
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intensity has not been given any attention so far. Therefore, we have analysed the 
data of the ground based neutron and meson monitors to study the solar flare 
location effect on the diurnal anisotropy of the cosmic ray intensity. 
TABLE 2 
The total number of days used in different groups. 
Group Number of days 
(a) Quiet Days 75 
(b) Western Limb Solar 69 
Flare Days 
(c) Eastern Limb Solar 66 
Flare Days 
EXPERIMENTAL DATA AND ANALYSIS 
The stations, whose neutron and meson monitor data is used in the analysis 
for the period 1957-58, are given in table 1. The pressure corrected data of the 
neutron and meson have been used in the present analysis. The data is not 
corrected for the temperature effect. Data for days where the solar flares have 
occurred on the western limb and those on which they are observed on the eastern 
limb are averaged separately after having applied the trend correction. Solar 
flares with importance greater than two have not been considered because of 
the fact that during the period under consideration there is only one flare with 
importance greater than two. And if it is considered, it will influence the resuhs 
towards the side in which it has occurred. The averaged data is subjected for the 
harmonic analysis (Yadava and Naqvi, 1973) and the values of the amplitude and 
phase of the first harmonic component of the neutron and meson intensities for 
different stations are analysed. Days of large worldwide variations, large solar 
flux increases and large Forbush decreases are excluded from the analysis. The 
amplitude and phase of the diurnal anisotropy obtained at ground are corrected 
for the geomagnetic effects (McCracken et al., 1965) using the method developed 
by Rao e/fl/. (1963), to obtain the anisotropy vector in space. The analysis has 
been extended on quiet days for the comparison among the anisotropy vectors on 
quiet days and the days where solar flares have occurred on the western and the 
eastern limb of the solar disc. Finally, the rigidity exponent, jS has been calculated 
by imposing the condition that the variance among the various values of anisotropy 
vectors estimated from observations at different stations is minimum. 
RESULTS AND DISCUSSION 
The average amplitude and the direction of the diurnal anisotropy of cosmic 
ray intensity as observed with the neutron and meson monitors has been plotted 
in figs. 1(A) and 1(B) respectively for the period 1957-1958, for the quiet days and 
for the days where the solar flares have occurred on the western and the eastern limbs 
of the solar disc. The one sigma standard errors have been shown by circles in the 
figures. It is apparent from the figure 1(A) that the average amplitude of the 
diurnal anisotropy, for nucleonic component on the days where solar flares have 
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occurred on the western limb of the solar disc is larger in comparison to the 
days where solar flares have occurred on the eastern limb of the solar disc. 
However, the amplitude of the diurnal anisotropy on the days for which the solar 
flares have occurred on the eastern limb of the solar disc is of the same order as 
it is observed on quiet days. 
It is also apparent from the figure 1(A) that for the nucleonic component 
the average direction of the diurnal anisotropy in space in local asymptotic 
time is almost same on the days where the solar flares have occurred on 
the western as well as eastern limbs of the solar disc. However, if these 
results are compared with the direction of the diurnal anisotropy in space 
on quiet days, it is found that the direction of the diurnal anisotropy on days where 
solar flares have occurred on the western limb as well as eastern limb of the solar 
disc is earlier in comparison to quiet days. This phase shift towards earlier 
hours has been observed about three hours for the nucleonic coraponent. 
The above results for the amplitude and the direction of the diurnal anisotropy 
on quiet days and the days where the solar flares occur on the western and the 
eastern limbs of the solar disc are also supported by the meson monitor observations, 
as is apparent from the figure 1(B). These results are true to a large extent for the 
individual stations, given in table 1, as well, which have not been illustrated here. 
Apart from the amplitude and hour of maximum, the source of diurnal 
variation is also characterised by the rigidity spectrum, [n case of the corotational 
mechanism, no rigidity dependence is expected. Thus, a study of the rigidity 
dependence may yield valuable extra information. 
AVERAGE mURNAL VARlATiON FOR 
NEUTRON MONITORS ( lA) AND MESON MONITORS HB 1 
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Fig. 1. The diurnal vectors along with their one sigma error circle, observed with the neutron 
monitois (A) and meson monitors (B) on quiet days and days where the solar flares 
occur (Ml the western and the eastern limbs of the solar disc. 
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We have calculated the variance {<p^) among the various observed diurnal 
vectors in space using the neuTon monitors data for the available stations, separa-
tely for the quiet days and the days where the solar flares have occurred on the 
western and the eastern limbs of the solar disc. Figure 2(a) shows that the 
minimum variance for quiet days occurs for ^=:0±0.2 (corresponding space 
values of Ri and <t>i are equal to 0.45 ± 0.01% and 17.8 ± 0.2 hours respectively). 
These characteristics of the corotational anisotropy are in agreement with the 
predictions of the simple convection-diffusion theory. However, the variation in 
the values of the variance obtained for the days where the solar flares have occurred 
on the western and the eastern limbs of the solar disc is very large (fig. 2b and c) 
which shows that /S is indeterminable on these days. Therefore, the analysis 
indicates that superimposed on corotational anisotropy there is an additional 
component operating during the days of solar flares with jSsz^ O. The characteristics 
of this superimposed anisotropy is expected to be defined by carrying a rigorous 
analysis with the data of larger number of stations and for the flares occurred 
during diff"erent periods of solar activity. Thus, the exact mechanism causing 
these needs to be further explored. 
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ABSTRACT 
The characteristics of the daily variation of cosmic ray intensity on 
different types of days has been studied by using the data of neutron moni-
tors. It is observed that the phase of the diurnal anisotropy is invaiiant on 
quiet days and disturbed days without magnetic storms during the period 
from 1957-1970. Its direction in space is observed as (18 ± 1} hr. local 
asymptotic time. However, the phase of the diurnal anisotropy has been 
found to shift towards eaijier hours on magnetic storms days with the 
increased value of the Ap - index in comparison to quiet days and disturbed 
days without magnetic storms. The behaviour of Ay - index, definitive 
sunspot numbers and solar flux at 2800 MH^ is studied dming the same 
period. It is found that Ap - index has the better correlation with the 
different spectral parameter of the diurnal anisotropy. 
INTRODUCTION 
McCracken and Rao (1965) showed an impressive agreement between the 
observed diurnal variation of the cosmic radiation derived from neutron monitor 
data and that predicted by the Axford (1965), Parker (1964) model. They con-
cluded that on yearly average basis the diurnal anisotropy during the period 1957-65, 
was invariant. However, the results of Duggal et al. (1967), based on neutron monitor 
data for the same period, indicated that the mean diurnal anisotropy was not 
invariant. On yearly average basis, relatively large variations of the diurnal 
anisotropy are observed by Forbush and Venkatesan (J960) in the ionization chamber 
data for the period 1937 to 1959. Similarly, a large variability in various spectral 
parameters of the diurnal anisotropy on day-to-day basis has also been reported by 
other workers (Patel et al. (1968), Pomerantz and Duggal (1971) ). 
The study of various spectral parameters of the daily variation on magnetically 
quiet and disturbed days during period of different solar activity provides a way for 
understanding the mechanisms that produce the diurnal anisotropy. In this paper, 
the characteristics of the diurnal anisotropy on magnetically different types of days is 
studied. The basic choice for the selection of days is being Ap - index and other 
indices have been taken on those particular days. An attempt has been made to 
establish the relationship among the parameters of the diurnal anisotropy and the solar 
geomagnetic activity parameters. 
EXPERIMENTAL DATA AND ANALYSIS 
The data of the neutron monitors, corrected for the meteorological effects, for 
the stations which are given in table 1 are used for the analysis. The period 1957-70 
is divided mainly into three categories, {i) minimum solar activity period (1964-65) ; 
(ii) maximum solar activity periods (1957-58 and 1968-70) ; and Qii) transition 
period of solar activity (1966-67). For every month five most quiet days and five 
disturbed days (Pandey et al. (1971) are selected separately. The disturbed days 
are further divided into two groups. First—the disturbed days with magnetic storms 
236 KUMAR AND YADAVA 
M ft 
< 
41 -—** 
5 S, 
l l 
0 
t> 
> 
>, 
0 
l l 
0 
en 
• »-< a 
ea 
F " ^ 
oS 
e 3 
4.1 
_^  
'C 
• 0 
0 
•*-» T3 
3 
C 
0 
' I . ' 
'5 
_g 
•3 
0 
0 
0 
D. 
as 
HO 
0 
u 
0 
(A 
0 
s _n 
•3 
0 
0 
u 
a 
eo 
s 
o u 
O 
a 
o 
1 
00 
o 
o ^ o o 
«—t t—i --H O 
<A f<^ O 
Tj - 0 0 _ I 
I) 
•o 
3 
'So 
c 
o 
1-5 
W 
X I 
3 
i-J 
3 
'So 
§ 
<3\ 
CO 
0 0 
' I -
CM 
"St 
0 0 
o 
o 
o 
u-i 
vo 
. 0 
>/^  
ro 
0 0 
<o CO o o 
CO 
0 0 
u 
•0 
3 
• » - * 
c4 
I-) 
0 0 
0 * 
VO 
V~t 
"1 
0 ' 
r~ 
>n 
<N ov 
00 
i n 0 0 
c3 
5 u 
.3 
'3 
a 3 
o 
i 
3 
3 
00 
CO 
o 
J3 
s 
n 
DAILY VARIATION OF COSMIC RAY INTENSITY 237 
AVERAGE DIURNAL VARIATION FOR MfNIMUM SOLAR ACTIVITY P E R I O * 
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Fig. 1. The observed average diurnal vectors along with their one sigma error circle for the 
minimum solar activity period from 1964-55. 
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plotted for each year from 1957-70. 
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with different degree of the activity (or magnetic storms days), and second—the dis-
turbed days without magnetic storms. The Forbush decrease days are removed from 
the analysis. The long terra trend has been removed by the method of trend correc-
tion (Yadava and Naqvi, 1973). The trend corrected data is subjected for harmonic 
analysis and the average values of the amplitude and phase of the first harmonic 
component of the neutron intensity for different stations are analysed. To obtain the 
anisotropy vector in space, the observed daily variation parameters for different 
stations are corrected for the effect of the geomagnetic bending and the width of the 
asymptotic cone of a detector (Rao, et al., 1963) for an energy independent spec-
trum, ,6=0.0 (McCracken e/a/., 1965). Finally, Ap - indices, definitive sunspot 
numbers (Pandey <?f a/., 1971) and solar flux at 2800 MHj for the period 1957-70 
have been plotted to observe their relationship with the various spectral parameters 
of the diurnal anisotropy. 
RESULTS AND DISCUSSION 
The average diurnal variation of cosmic ray intensity for minimum solar 
activity period has been plotted in figure 1 along with their one sigma standard 
errors which are shown by circles. From the figure 1, it is apparent that the diurnal 
time of maximum has significantly changed to earlier hours in all the stations on 
magnetic storms days in comparison to quiet days and disturbed days without 
magnetic storms during this period. This is found to be true also during the period 
of maximum solar activity and the transition period, as illustrated in figure 2. These 
results are in complete agreement with the earlier findings (Sandstrom, 1965). 
From the figure 2, it is apparent that the phase of the diurnal anisotropy is 
invariant, on quiet days and disturbed days without magnetic storms, during the 
maximum solar activity periods, minimum solar activity period and the transition 
period of solar activity, and it is in the direction of (270 ± IS'') or (18 ±- 1) hr local 
asymptotic time. This result is in accord with the findings of McCracken and Rao 
(1965) on yearly average basis. 
It is also apparent from the figure 1 that the diurnal amplitude on qniet days 
and disturbed days without magnetic storms is almost the same during the minimum 
solar activity period. But the result of significance is that the diurnal amplitude is 
smaller on the magnetic storms days, except Ottawa where it is almost same, in 
comparison to quiet days and disturbed days without magnetic storms. 
From the pattern of the curves in figures 3 (a), 3 {b) and 3 (c), presenting the 
data of Ajj - indices, sunspot numbers and solar flux at 2800 MH? for the period 
1957-70 for all days and on different types of days discussed earlier, it is observed 
that the magnitude and the nature of the behaviour of solar activity in terms of sunspot 
numbers and solar flux at 2800 MHz is almost similar on different types of days 
throughout the period under consideration. While, in cise of Ap - index, the nature 
of the behaviour of Ap - indices is almost similar on different types of days, and its 
magnitude is large both on magnetic storms days and disturbed days without 
magnetic storms as compared to the quiet days. But the magnitude at magnetic 
storms days is very large as compared to quiet days as well as disturbed days without 
magnetic storms. 
An attempt has been made to establish the validity of the convection-diffusion 
theory for the period under consideration In the absence of the solar wind velocity 
and interplanetary magnetic field direction data, the problem has been approached 
indirectly. Agrawal and Singh (1975) have pointed out the likely association of 
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Ap - index with the convective and diffusive vectors, ft is expected that the distribu-
tion of diurnal vectors for various values of Ap will remain the same, if the inter-
planetary conditions do not change drastically. 
The long terra change in the diurnal variation of the cosmic ray intensity has 
been explained by Forbush (1973) as due to the superposition of_ a 20-year wave on 
the corotational anisolropy. It is therefore, expected to observe a continuous and 
systematic change in the diurnal time of maximum. Our results based on the 
neutron monitor observations with constant diurnal time of maximum during the 
period 1957-70, on quiet days and disturbed days without magnetic storms, 
completely disagree with the above expectation. 
On the other hand, Quenby and Hashim (1969) have suggested the possibility of 
outward radial streaming (from 12-hour direction) in the solar system by assuming a 
symmetrical rising density gradient away from the plane of ecliptic. This will 
effectively change the corotational streaming from 18-hour direction to the earlier 
hours, for example, in case of magnetic storms days in comparison of quiet days and 
disturbed days without magnetic storms. 
From the present set of the observed average diurnal vectors and with the 
increasing trend in the value of Ap - index from 1957-70 on magnetic storms days 
in comparison to quiet days and disturbed days without magnetic storms, it may be 
speculated that an increase in the average value of Aj, - index might have increased 
the interplanetary magnetic field fluctuations thereby increasing (K^/Kn) which 
reduces the diffusive vector accompanied by a decrease in diurnal amplitude on 
magnetic storms days. An increase in the average value of Ap - index may also 
increase the solar wind velocity thereby increasing the convective vector which 
increases the value of diurnal amplitude. It may also be noted that if both of 
them operate simultaneously, the diurnal amplitude may remain constant. 
CONCLUSION 
From the foregoing observational results and discussion it is concluded that— 
{a) the phase of the diurnal anisotropy has been found to shift towards earlier 
hours on magnetic storms days with the increased value of the Ap - index in com-
parison to quiet days and disturbed days without magnetic storms, during the period 
from 1957-70. 
[b) the phase of the diurnal anisotropy is invariant on quiet days and disturbed 
days without mignetic storms during the period from 1957-70. Its direction in space 
is observed as (18 + 1) hr local asymptotic time. This is in complete agreement 
with the predictions of convection diffusion theory. 
(c) during the minimum solar activity period, the diurnal amplitude in observed 
to be smaller on magnetic storms days in comparison to quiet days and disturbed days 
without magnetic storms. 
{d) out of the three geophysical parameters, v\z., Ap - index, definitive sunspot 
numbers, and solar flux at 2800 MHs ; the Ap - index is expected to have the better 
correlation with the different spectral parameters of the diurnal anisotropy. 
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